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1 

METHOD AND APPARATUS FOR POSITIONING OF SEISMIC SENSING 

CABLES 

5 B ACKGROUND OF THE I NVENTION 

1. FIELD OF THE INVENTION 

This invention relates to marine seismic surveying, and is more particularly concerned 
with a method and apparatus for determining the position of a seismic cable being used to 
10 perform a marine seismic survey. 



2. pESCRlPTION OF THE RE LATED ART 

Seismic exploration is widely used to locale and/or survey subterranean geological 
formations for hydrocarbon deposits. As many commercially valuable hydrocarbon deposits 
15 are located beneath bodies of water, various types of marine seismic surveys have been 
developed. In a typical marine seismic survey, an array of marine seismic streamer cables is 
towed at about 2.57 m/s (5 knots) behind a seismic survey vessel. The seismic streamer 
cables may be several thousand meters long and contain a large number of sensors, such as 
hydrophones and associated electronic equipment, which are distributed along the length of 
. the each seismic streamer. The survey vessel also tows one or more seismic sources, such as 

♦ 

; airguns and the like. 



4 * ♦ 



20.. 



« 4 
• • • 



Acoustic signals, or "shots," produced by the seismic sources are directed down 
through the water into the earth beneath, where they are reflected from the various earth 
25 ' strata. The reflected signals are received by the hydrophones in the seismic streamer cables, 
digitized and then transmitted to the seismic survey vessel, where they are recorded and at 
least partially processed with the ultimate aim of building up a representation of the earth 
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strata in the area being surveyed. Analysis of the representation may indicate probable 
locations of geological formations and hydrocarbon deposits. 

The accuracy of the seismic analysis is generally limited by uncertainties in the 
5 estimated and/or measured positions of the seismic sensors. The positions of deployed 
seismic sensors may be estimated using modeling techniques that predict the position of the 
deployed seismic sources. For example, the position of a seismic cable on the sea floor may 
be estimated using models that consider the physical characteristics of the seismic cable (e.g., 
weight, diameter, etc.) and the effect of predicted sea currents on the seismic cable as it 
10 descends to the sea floor. However, such methods are predicated on a limited knowledge of 
the properties of water in the catenary, as well as the geology of the sea flodr, and thus they 
only provide an estimate of the seismic cable's location. 

A variety of measurement techniques have been developed to detcmune the position 
15 of the seismic sources and the seismic sensors as the seismic sensors descend through the 
catenary and come to rest on the sea floor. For example, the seismic source is fired and the 
arrival time of the shot at the sensors is then used to determine the position of the seismic 
cable by triangulation. This technique cannot generally be used during a survey, however, 
because the shots used to determine the position of the seismic sensors often interferes with 

20 the shots used to generate the seismic survey data. Alternatively, acoustic signals produced 

i 

by a seismic source survey array may be used to determine the seismic cable position. 

However, in addition to producing shots that interfere with the seismic survey data, the large 

. i 

area of the seismic source array used in this technique generally reduces the accuracy of the 
seismic cable position determination. 
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3 



The position of seismic cables may also be measured by attaching ultra-short baseline 



(USBL) acoustic sensors to the seismic cable. The USBL acoustic sensors are suspended 



above the seismic cable using flotation collars. Although the USBL acoustic sensors can 



provide reasonably accurate ranges and bearings from the seismic survey vessel, there remain 
5 a number of drawbacks to the use of USBL acoustic sensors. The USBL acoustic sensors are 



generally very expensive and are attached to the outside of the seismic cable, where they may 
interfere with seismic cable deployment. In addition, USBL acoustic sensors arc typically 



depth-limited and they require an external source of power and/or a battery. 



• ■ * a 

10 SUMMARY OF THE INVENTION 

• • • 

In one aspect of the instant invention, an apparatus is provided for determining the 



position of a seismic cable being used to perform a marine seismic survey. The apparatus 

• * # 

includes at least one seismic sensor deployed on an ocean bottom cable and a plurality of 
sources deployed in a manner that is structurally independent of the seismic sensors and 

• • ■ 

15 adapted to provide a positioning signal distinguishable from a seismic survey signal to the 



seismic sensors concurrently with the seismic survey signal. 



In another aspect of the present invention, a method is provided for determining the 



position of at least one seismic sensor disposed on an ocean bottom cable and being used to 



20 perform a marine seismic survey. The method includes transmitting a plurality of positioning 



signals from a plurality of sources deployed in a manner that is structurally independent of 



the seismic sensotts), the positioning signals being distinguishable from the seismic survey 
signal. The method further includes receiving the positioning signals at the seismic sensor(s) 
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concurrently with the seismic survey signal and determining the position of the seismic 
sensors from the received positioning signals. 

» 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 The invention may be understood by reference to the following description taken in 

conjunction with the accompanying drawings, in which like reference numerals identify like 
elements, and in which: 

Figures 1 A-B show different views of a first exemplary system for positioning of a 

• • • • 

1 0 seismic cable, in accordance with a first embodiment or the present invention; 

Figure 2 shows a second exemplary system for positioning of the seismic cable, in 
accordance with a second embodiment of the present invention; 

15 Figure 3 shows a third exemplary system for positioning of the seismic cable, in 

accordance with a third embodiment of the present invention; 

Figure 4 shows a system for transmitting signals that are used to determine a position 
of the seismic cable shown in Figures 1 A-B, 2, and 3; 

20 

Figures 5A-B show first and second exemplary piezoelectric acoustic sources that t 
may be used in the system shown in Figure 4: and 



m mm m 

i i 

• • • • 

• • m ■ 

» • « 
« * i 
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Figure 6 shows a flow chart illustrating a technique for determining the locations of 
the sensors. 



While the invention is susceptible to various modifications and alternative forms, 
5 specific embodiments thereof have been shown by way of example in the drawings and are 
herein described in detail. It should be understood, however, that the description herein of 
specific embodiments is not intended to limit the invention to the particular forms disclosed* 
but on the contrary, the intention is to cover all modifications, equivalents, and alternatives 
falling within the scope of the invention as defined by the appended claims, 

10 

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS 

Illustrative embodiments of the invention are described below. In the interest of 
clarity, not all features of an actual implementation are described in this specification. It will 
of course be appreciated that in the development of any such actual embodiment, numerous 
15 implementation-specific decisions must be made to achieve the developers' specific goals, 
such as compliance with system-related and business-related constraints, which will vary 
from one implementation to another. Moreover, it will be appreciated that such a 
development effort mighl be complex and time-consuming, but would nevertheless be a 
routine undertaking foT those of ordinary skill in the art having the benefit of this disclosure. 

20 

Referring now to Figure 1A, a top view of a first exemplary system 100 for acoustic 
positioning of a seismic cable 105 is shown. The first exemplary system 100 includes a 
seismic survey vessel 110, which deploys the seismic cable 105 at a surface of a body of 
water, which, in alternative embodiments, may be freshwater, sea water, or brackish water. A 
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b 

plurality of seismic sensors 1 15 are coupled to the seismic cables 105. The seismic cable 105 
may descend through the catenary until it reaches the sea floor 112, as illustrated in Figure 
IB. Although only one seismic cable 105 is shown in Figures 1A-B, the present invention is 
not so limited. In alternative embodiments, more seismic cables 105 may be deployed 
5 without departing from the scope of the present invention. In particular, an array or seismic 
cables 105 may be deployed. 



Tn one embodiment of the first exemplary system 100, illustrated in Figure IB, a 



seismic source 114 is deployed near the survey vessel 110. The seismic source 114 is 

• • • • 

10 generally towed behind the survey vessel 110 and may be part of an array of other seismic J^ m \ 

9 • • • 

sources (not shown). However, it will be appreciated that, in alternative embodiments, the 

seismic source 1 14 may be deployed at any desirable location, including an array towed by a a m 

a a a 
mm mm 

nearby vessel (not shown), suspended beneath the survey vessel 1 1 0, on a buoy (not shown), 

• • • » 

at the sea floor 1 1 2, and the like. • . ♦ • 



15 



The seismic source 1 14 provides a seismic survey signal 1 1 8. Tn one embodiment, the 



seismic survey signal 118 is a broadband acoustic signal with a range of frequencies from 0 



to about 120 Hz. The seismic survey signal 118 propagates into the earth and forms a 
reflected signal 116 when the seismic survey signal 118 reflects from geologic formations, 



20 such as hydrocarbon deposits As shown in Figure IB, in one embodiment, the seismic 



sensors 115 receive the reflected signals 116. As discussed above, analysis of the reflected 



signals 116 received by the seismic sensors 1 1 5 is used to form a representation of the earth 
strata proximate to the seismic sensors 115 and thus to locate and/or survey geologic 



formations. 
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7 

The accuracy of (he analysis of the reflected signals 116 depends upon an accurate 
knowledge of the position of the seismic cable 105. The position of the seismic cable 105 is, 
however, difficult to determine. During and after deployment of the seismic cables 105, the 
5 size and shape of the seismic cable 105", currents in the body, of water, the velocity of the 
survey vessel 110, and other like factors may cause the seismic cable 105 to move 
unpredictably through the water. Thus, in accordance with one embodiment of the present 
invention, a plurality of sources 120(1-3) transmit a plurality of positioning signals 130(1-3) 
to the seismic sensors 115, which receive the positioning signals 130(1-3). 

10 

In one embodiment, a first source 120(1) is suspended beneath the survey vessel 110. 
In alternative embodiments, the first source 120(1) may be mounted in a hull of the survey 
vessel 110 or in a through-hull chamber of the survey vessel 110. A second and a third 
source 120(2-3) are suspended beneath buoys 125. In various embodiments, the buoys 125 

15 may be stationary or they may be autonomous, remote-controlled self-powered buoys 125 
that follow the survey vessel 110. In one embodiment, the autonomous, remote-controlled 
self-powered buoys 125 follow the survey vessel 1 10 and maintain a fixed configuration. In 
one embodiment, the buoys 125 may be deployed along a length or the seismic cable 105 or 
amongst an array of seismic cables 1 05 . Note that at least two of the seismic sources 1 20( 1 -3) 

20 are deployed in a manner structurally independent of the cable 105, i.e., there is no structural 
relationship between the source 1 14 and the seismic cable 105. 
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s 



Although three sources 120(1-3) and two buoys 125 arc depicted in Figure IA, the 
present invention is not so limited. Two or more sources 120(1-3) and any desirable number 
of buoys 125 may be deployed without departing from the scope of the present invention. 
5 For example, two sources 120(1-3) may be deployed in a linear grouping. For another 
example, four sources 120(1-3) may be deployed in an approximately rectangular grouping. 
For yet another example, five sources 120(1-3) may be deployed in an approximately 
pentagonal grouping. Furthermore, in alternative embodiments, additional sources 120(1-3) 
may also be positioned on, or controlled by, a second survey vessel (not shown). 

10 

As described in detail below and in accordance with one aspect of the present 
• invention, the positioning signals 1 30(1-3) may be formed such that a signal processing unit 
140 can distinguish between the positioning signals 130(1-3) and seismic survey signal 118. 
For example, in one embodiment, the positioning signals 130(1-3) have frequencies ranging 

« 

15 from 700 HZ to 4500 Hz when the seismic survey signal 1 1 8 has a frequency range of 0 to 
120 Hz. However, it will be appreciated by those of ordinary skill in the art having benefit of 
the present disclosure that the positioning signals 130(1-3) and seismic survey signal 118 do 
not have to be distinguished by frequency. For example, in alternative embodiments, the 
positioning signals 130(1-3) and seismic survey signal 118 may be distinguished by being 

20 modulated by orthogonal sequences, such as a Maximal sequence ot a Kasami sequence. 

The signal processing unit 140 determines the position of the seismic sensors 115 
using the positioning signals 130(1-3) that are transmitted by the sources 120(1-3) and 
received by the seismic sensors 115. Although the signal processing unit 140 depicted in 
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Figures lA-B is located on the survey vessel i I0 f the present invention is not so limited. In 
j alternative embodiments, portions of the signal processing unit 140 may be positioned in the 

seismic sensors 115, the buoys 125, or at any other desirable location without departing from 
the scope of the present invention. It will further he appreciated by those of ordinary skill ill 
5 the art having benefit of the present disclosure that the accuracy of the position determination 

depends on the number and type of sources 120(1-3) and seismic sensors 115. Thus, the 
phrase "determining the position*' of the seismic sensors 1 15 and/or the seismic cable 105, 
will hereinafter be understood to mean determining the position of the seismic sensors 115 
and/or the seismic cable 1 05 within a reasonable range of positions. 

10 

Referring now to Figure 2, a second exemplary system 200 for positioning of the 
seismic cable 105 is shown. In one embodiment of the second exemplary system 200, the 
sources 120(2-3) are suspended beneath buoys 125, which are coupled to the survey vessel 
110 by cables 210. However, the present invention is not so limited. In one alternative 
1 5 * embodiment of the second exemplary system 200, the sources 120(2-3) are mounted in the 
hulls of die buoys 125. In another alternative embodiment of the second exemplary system 
200, the sources 120(2-3) are suspended beneath, or mounted on, depth-controlled cables 210 
that are towed behind the survey vessel 1 1 0. 

20 hi addition to providing a mechanical connection between the buoys 125 and the 

survey vessel 1 10, the cables 210 may also provide a communication link between the buoys 
125 and the survey vessel 110. For example, the cables 210 may include one or more 
electrically conductive wires or cables (not shown) that may transmit signals from the buoys 
125 to the survey vessel 1 1 0. For another example, the cables 210 may include one or more 
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optical fibers (not shown) that may transmit signals from the buoys 1 25 to the survey vessel 
1 1 0. However, in alternative embodiments, the cables 210 may not provide a communication 
connection between the buoys 125 and the survey vessel 1 10. For example, the buoys 125 
may communicate with the survey vessel 1 10 via a wireless radio-frequency transmission. 

5 

Referring now to Figure 3, a third exemplary system 300 for acoustic positioning of a 
seismic cable 105 is shown. In the third exemplary system 300, the sources 120(2-3) are 
coupled to the survey vessel 1 10 by a boom 310, In one embodiment, the sources 120(2-3) 
are suspended from the boom 310 such that the sources 120(2-3) are at least partially 

10 submerged in the body of water. Tlie boom 310 may also provide a communication 
connection between the sources 120(2-3) and the survey vessel 1 10. For example, the boom 
310 may include one or more electrically conductive wires (not shown) that may transmit 
signals from the sources 120(2-3) to the survey vessel 110. For another example, the boom 
310 may include one or more optical fibers (not shown) that may transmit signals from the 

15 sources 120(2-3) to the survey vessel 1 10. However, in alternative embodiments, the boom 
310 may not provide a communication connection between the sources 120(2-3) and the 
survey vessel 110. For example, the sources 120(2-3) may communicate with the survey 
vessel 110 via a wireless radio-frequency transmission. It will also be appreciated that, in 
various alternative embodiments, more than one boom 310 may be coupled to the survey 

20 vessel 110. 

Figure 4 shows a system 400 for transmitting the positioning signals 130(1-3), in 
accordance with one embodiment of the present invention. The sources 120(1-3) transmit the 
plurality of positioning signals 130(1-3), in accordance with one embodiment of the present 
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invention. For example, the sources 120(1-3) may transmit an up-sweep that ranges in 
frequency from 700 HZ to 2000 Hz. For yet another example, the sources 120(1-3) transmit 
an up-sweep that ranges in frequency from 1500 HZ to 4500 Hz. However, it will be 
appreciated by those of ordinary skill in the art having benefit of the present disclosure that 
5 the present invention is not so limited, hi alternative embodiments, up-sweep s, down- 
sweeps, and any other desirable pattern having higher and/or lower frequency ranges may be 
used without departing from the scope of the present invention. 

Tn one alternative embodiment, the sources 120(W3) may also transmit orthogonal 
10 positioning signals 130(1-3). For example, the positioning signals 130(1-3) may be 
modulated by an orthogonal sequence, such as a Maximal sequence, a Kasami sequence, and 
the like. In another altemaUve embodiment, the sources 120(1-3) may be frequency 
multiplexed. 

15 The sources 120(1-3) also transmit a signal 415 indicative of the positioning signals 

130(1-3) to the signal processing unit 140, which may use the signal 415 to determine the 
position of the seismic sources 115, as described in detail below. The signal processing unit 
140 in the system 400 may communicate with the sources 120(1-3) in any of a variety of 
manners well know to those of ordinary skill in the art having benefit of the present 

20 disclosure including, but not limited to, conductive wires, optical fibers, wireless 
electromagnetic transmissions, and the like. Although the signal processing unit 140 is 
depicted as a single unit in Figure 4, the present invention is not so limited. In alternative 
embodiments, portions (not shown) of the signal processing unit 140 may be positioned on 
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10 



the buoys 125, the survey vessel 1 10, or any other desirable location without departing from 
the scope of the present invention. 



10 



Figure 5A shows a first exemplary piezoelectric acoustic source 500 that may be used 
as at least one of the sources 120(1-3). In one embodiment, the first exemplary piezoelectric 
acoustic source 500 is formed from a plurality of piezoelectric wafers 510 that are coupled to 
at least one flexible membrane 520. To transmit the positioning signals 130(1-3), the 
piezoelectric wafers 510 expand and/or contract along the direction indicated by the arrows 
525. The flexible membrane 520 moves in response to the expansion and/or contraction of 
the piezoelectric wafers 510 along the directions indicated by the arrows 530. The motion of 
the flexible membrane 520 generates the positioning signals 130(1-3). 



15 



20 



Figure 5B shows a second exemplary piezoelectric acoustic source 550 that may be 
used as at least one of the sources 120(1-3). In one embodiment, the second exemplary 
piezoelectric acoustic source 550 is formed from a piezoelectric ring 560 that is coupled to an 
interior flexible membrane 565 by a plurality of connectors 570. Although the piezoelectric 
ring 560 and the interior flexible membrane 565 have been depicted as circular, the present 
invention is not so limited. In alternative embodiments, the piezoelectric ring 560 and the 
interior flexible membrane 565 may be oval, rectangular, triangular, or any other desirable 
shape without departing from the scope of the present invention. 



To transmit the positioning signals 130(1-3), the piezoelectric ring 560 expands 
and/or contracts along the direction indicated by the arrows 575. The interior flexible 
membrane 565 moves along the directions indicated by the arrows 575 in respond" to the 
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expansion and/or contraction of the piezoelectric ring 560 and generates the positioning 
signals 130(1-3). 



Referring back to Figure 4. in one embodiment, the positioning signals 130(1-3) are 
5 received by the sensors 115, which communicate a sensed signal 417 to a receiver 420. For 
example, the sensors 115 may communicate the sensed signal 417 to the receiver 420 via a 
data telemetry unit (not shown) included in the sensors 1 1 5 and conductive wires (not shown) 
in the cable 105. However, in alternative embodiments, the sensed signal 417 may be 
communicated to the receiver 420 in any desirable manner including, but not limited to, 
1 0 wireless transmissions, optical devices, and the like. 



15 



20 



The received signal 417 will generally include contributions from the positioning 
signals 130(1-3) and the seismic survey signal 118. When determining the position of the 
seismic cable 105, it may be desirable to distinguish the contributions from the positioning 
signals 130(1-3) from the seismic survey signal 1 18. Thus, the positioning signals 130(1-3) 
are distinguishable from the seismic survey signal 118. For example, the seismic survey 
signal 1,8 typically ranges in frequency from 0 Hz to 120 Hz. In one embodiment, the 
positioning signals 130(1-3) have frequencies in the range 700 Hz to 4500 Hz, and are 
therefore distinguished from the seismic survey signal 118 by frequency. In alternative 
embodiments, it will be appreciated that portions of this process may be carried out in die 
sensors 115, the receiver 420, the signal processing unit 140, a combination of the above, or 
at any other desirable location without departing from the scope of the present invention. 
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The receiver 420 provides a received signal 425 to the signal processing unit 140. 
The received signal 425 includes at least the portion of the sensed signal 417 that is 
contributed by the positioning signals 130(1-3). The receiver 420 may, in one embodiment, 
record the received signal 425 on tape and then provide the tape lo the signal processing unit 
5 140. However, the present invention is not so limited. In alternative embodiments, the 
receiver 420 may provide the received signal 425 using conductive wires, optical fibers, 
radio-frequency transmissions, computer disks, and the like. 



The signal processing unit 140 determines the locations of the sensors 115 using the 
Teceived signal 425 and the signal 415. In one embodiment, the signal processing unit 140 
may use conventional cross-correlation techniques to determine the distance from the sources 
120(1-3) to the sensors 115 using the received signal 425 and the signal 415. The signal 
processing unit 140 may then triangulate to determine the location of the sensors 1 15. It will, 
however, be appreciated that, in alternative embodiments, additional information may be 
included in the received signal 425 and used to determine the location of the sensonj 115. For 
example, the sensors 1 15 may determine the bearing of the positioning signals 130(1-3) and 
the signal processing unit 140 may use the bearing to determine the location of the sensors 
115. The bearing of the positioning signals 130(1-3) may also be used to determine the 
heading of each sensor 115. 

Figure 6 shows a flow chart illustrating a technique for deterimning the locations of 
the sensors 115, in accordance with one embodiment of the present invention. One or more 
positioning signals 130(1-3) are transmitted (at 610) from the sources 120(1-3), which are 
structurally independent of the sensors 115, to the sensors 115, in the manner described in 
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detail above. In one embodiment, a piezoelectric acoustic source 500, 600 transmits (at 610) 
the positioning signals 130(1-3) to sub-sea sensors 115 in a marine environment. In another 
embodiment, an airgun transmits (at 610) the positioning signals 130(1-3) to sub-sea sensors 
1 15 in a marine environment. The positioning signals 130(1-3) are received (at 620) by one 
or more sensors 1 15 and, as described above, the position of the sensors 1 1 5 is determined (at 
630). For example, in one embodiment, the position of the sensors is determined (at 630) by 
determining (at 630) the distances from the sources 120(1-3) to the sensors 115 and then 
triangulating. 

This concludes the detailed description. The particular embodiments disclosed above 
are illustrative only, as the invention may be modified and practiced in different but 
equivalent manners apparent to those skilled in the art having the benefit of the teachings 
herein. Furthermore, no limitations are intended to the details of construction or design 
herein shown, other than as described in the claims below. It is therefore evident that the 
particular embodiments disclosed above may be altered or modified and all such variations 
are considered within the scope of the invention. Accordingly, the protection sought herein 
is as set forth in the claims below. 
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CLAIMS 



1 . An apparatus, comprising: 

at least one seismic sensor deployed on an ocean bottom cable; and 
a plurality of sources deployed in a manner structurally independent of the or each 
seismic sensor and adapted to provide, to the or each seismic sensor, a positioning signal, 
distinguishable from a seismic survey signal, concurrently with the seismic survey signal. 

2. An apparatus as claimed in claim 1, wherein the sources are adapted to 
provide the positioning signal at a frequency outside the frequency range of the seismic 
survey signal. 

3. An apparatus as claimed in claim 2, wherein the sources are adapted to provide the 
positioning signal at a frequency above the frequency range of the seismic survey signal. 

4. An apparatus as claimed in claim 3, wherein the sources are adapted to provide the 
positioning signal having a frequency range. 



5. An apparatus as claimed in claim 4, wherein the frequency range is approximately 
20 700 Hz to 2000 Hz. 

- 6. An apparatus as claimed in claim 4, wherein the frequency range is approximately 
1500 Hz to 4500 H2. 
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7. An apparatus as claimed in claim I, wherein the plurality of sources comprises 
between two and five sources, inclusive. 

8. An apparatus as claimed in claim 7, wherein the plurality of sources comprises three 
sources. 

9. An apparatus as claimed in claim 1, wherein the plurality of sources are piezoelectric 
sources. 

10. An apparatus as claimed in claim 1, further comprising a signal processing unit 
adapted to determine the position of the or each seismic sensor from the received positioning 
signal. 

11. An apparatus as claimed in claim 10. wherein the signal processing unit is adapted to 
determine the position of the or each seismic sensor using a plurality of propagation times 
from the plurality of sources to the at least one seismic sensor. 

12. An apparatus as claimed in claim 1 1, wherein the signal processing unit is adapted to 
determine the position of the or each seismic sensor by triangulation using the plurality of 
propagation times from the plurality of sources to the at least one seismic sensor. 

1 3. An apparatus, comprising: 

at least one seismic sensor deployed on a sea bed; and 
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a plurality of sources adapted to provide to the or each seismic sensor a positioning 
signal, distinguishable from a seismic survey signal, concurrently with the seismic survey 
signal. 



14. An apparatus as claimed in claim 13, wherein the sources are adapted lo provide the 
positioning signal at a frequency outside the frequency range of the seismic survey signal. 

15. An apparatus as claimed in claim 14, wherein the sources are adapted to provide the 
positioning signal at a frequency above the frequency range of the seismic survey signal. 

1 6. An apparatus as claimed in claim 15, wherein the sources are adapted to provide the 
positioning signal having a frequency range. 



17. An apparatus as claimed in claim 16. wherein the frequency range is approximately 
15 700 Hz to 2000 Hz. 



18. An apparatus as claimed in claim 16, wherein the frequency range is approximately 
1500 Hz to 4500 Hz. 



20 19. A method of determining a position of at least one seismic sensor deployed on an 
ocean bottom cable and capable of receiving a seismic survey signal, the method comprising: 



in a 



transmitting a plurality of positioning signals from a plurality of sources deployed 
manner that is structurally independent of the or each seismic sensor, the positioning signals 
being distinguishable from the seismic survey signal; 
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receiving the positioning signals at the or each seismic sensor concurrently with the 
seismic survey signal; and 

determining the position of the or each seismic sensor from the received positioning 

signals. 



20. A method as claimed in claim 19, wherein transmitting the pluralily 0 f phoning 
signals comprises transmitting the positioning signals at a frequency outside the fluency 
range of the seismic survey signal. 

10 21. A method as claimed in claim 20, wherein transmitting the plurality of positioning 
signais comprises transmitting rhe positioning signals a. a fluency .hove .he frequency 
range of the seismic survey signal. 



15 



20 



22. A method as claimed i„ claim 21, wherein transmitting the plurality of positioning 
signals comprises transmitting the positioning signals at a frequency between 700 Hz and 
4500 Hz. 



23. A method as claimed in claun 22, wherein transxnitting the plurality of positioning 
signals comprises transmitting a plurality of sweeps from 700 Hz to 2000 Hz. 

24. A method as claimed in Claim 22, wherein transmitting the plurality of positioning 
signals comprises transmitting a plurality of sweeps from 1500 Hz to 4500 Hz. 
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25. A method as claimed in claim 19, wherein determining the position of the or each 
seismic sensor using the received signals comprises determining a plurality of propagation 
times from the sources to the or each seismic sensor using the received signals. 

26. A method as claimed in claim 25, wherein determining the position of the or each 
seismic sensor comprises determining the position of the or each seismic sensor using the 
plurality of propagation times. 

27. A method as claimed in claim 26, wherein determining the position of the or each 
seismic sensor using the plurality of propagation times comprises determining the position of 
the or each seismic sensor by triangulation using the plurality of propagation times. 

28. A method, comprising: 

transmitting a plurality of positioning signals from a plurality of sources, the 
positioning signals being distinguishable from a seismic survey signal; 

receiving, concurrently with the seismic survey signal, the positioning signals at a 
plurality of seismic sensors deployed on a sea bed; and 

determining the position of the seismic sensors from the received positioning signals. 



20 29. A method as claimed in claim 28, wherein transmitting the plurality of positioning 
signals comprises transmitting the positioning signals at a frequency outside the frequency 
range of the seismic survey signal. 



15 
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30. A method as claimed in claim 29, wherein determining the position of the seismic 
sensors using the received signals comprises determining a plurality of propagation times 
from the sources to the seismic sensors using the received signals. 

5 31. A system, comprising: 
a vessel; 

an ocean bottom seismic cable having at least one seismic sensor capable of receiving 
a seismic survey signal concurrently with a positioning signal that is distinguishable from the 
seismic survey signal, wherein the seismic cable is deployed from the vessel; 
W a plurality of buoys; 

a plurality of sources adapted to provide the positioning signal, at least one source 
being suspended beneath the survey vessel and the remainder being deployed on the buoys; 
and 

a signal processing unit adapted to detennine the position of the or each seismic 
1 5 sensor from a positioning signal received at the or each seismic sensor. 

32. A system as claimed in claim 31, wherein the buoys are autonomous self-propelled 
buoys. 



20 



33. A system as claimed in claim 31, wherein the buoys are towed behind the survey 
vessel, 



A system, comprising: 
a vessel; 
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an ocean bottom seismic cable having at least one seismic sensor capable of receiving 
a seismic survey signal concurrently with a positioning signal that is distinguishable from the 
seismic survey signal, wherein the seismic cable is deployed from the vessel; 

at least one boom coupled to the vessel; 

a plurality of sources adapted to provide the positioning signal, at least one source 
being coupled to the vessel and the remainder being coupled to the at least one boom; and 

a signal processing unit adapted to determine the position of the or each sensor from a 
positioning signal received at the or each seismic sensor. 



10 35. A system as claimed in claim 34, further comprising an array of seismic cables having * 
at least one sensor capable of receiving the seismic survey signal. 



36. A system, comprising: 

at least one seismic sensor deployed on an ocean bottom cable and capable of 
receiving a seismic survey signal concurrently with a positioning signal that is distinguishable 
from the seismic survey signal; 

a plurality of autonomous self-propelled buoys; and 

a plurality of sources coupled to the self-propelled autonomous buoys, die sources 
being adapted to provide, to the or each seismic sensor, the positioning signal. 



15 



20 



37. The system as claimed in claim 36, wherein the sources are suspended beneath the 
autonomous self-propelled buoys. 
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38. A system as claimed in claim 36, further comprising a signal processing unit adapted 
j lo determine the position of the or each seismic sensor using a positioning signal received at 

the or each seismic sensor. 

r 

5 39. A system, comprising: 
a first vessel; 

an ocean bottom seism ic cable having at least one seismic sensor capable of receiving 
a seismic survey signal concurrently with a positioning signal that is distinguishable from the 
seismic survey signal, wherein the seismic cable is deployed from the first vessel; 
10 a second vessel: •"'*. 

1 m * m m. 

a plurality of buoys; 

a plurality of sources adapted to provide a positioning signal, at least one source being 
coupled to the first vessel, at least one source being coupled to the second vessel, and the 
remainder being deployed on the buoys; and 

a signal processing unit adapted to determine the position of the or each seismic 
sensor from a positioning signal received at the or each seismic sensor. 



15 
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40. A system as claimed in claim 39, wherein at least a portion of the buoys are deployed 
along a length of the seismic cable. 

41. A system as claimed in claim 40, further comprising an array of seismic cables having 
at least one seismic sensor capable of receiving the seismic survey signal. 
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42. A system as claimed in claim 41 , wherein at least a portion of the buoys are deployed 
among the array of seismic cables. 
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scl, the hydrophone cable comprising mean* for detecting echo signals which are reflected from the sea bed and I yanoi 
layers thercbclow. For the purpose of improving the determination of the position of the hydrophone cable which ca 
have a length of approx, 3000 meters, a transmission system is suggested, which comprises transmission elements arrange 
outside the hydrophone cable itself, the transmission elements serving to determine the position of the hydrophone cab 
in relation to the dements. In a simple embodiment of the device uecoiding to rhe invention the transmission elements ai 
attached to or are constituted by a separate towing line (4) having a relatively small diameter, the towing line beir 
equipped with stretching means (S) for achieving a relatively .straight run. In an alternative embodiment the iransmtssic 
element* can be implemented as reflectors (9a-9n) Tor preferably electromagnetic waves, for example in the form of ligl 
gas-filled balloons which can be attached to the hydrophone cable via thin, light lines, so that the balloons can be towed 
surface positioner fairly high above the water surface The transmission elemenrs can also be included in a convention 
radio and navigation system, possibly together with the system used by Ihc towing vessel for its positioning, in addition i 
determination of distance and hearing by means of the rariar system of the vessel. The transmission elements can also I 
included as elements in un adaptive control system for combined enntiol of vessel and hydrophone cable. 
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PN - FR2772931 A 19990625 
PD - 1999-06-25 
PR - FR 1997001 6497 19971224 
OPD - 1997-12-24 

Tl - System for monitoring the placement of a seismic cable, from a 
ship, onto the sea bed. 

AB - The seismic cable includes a number of acoustic transmitters 
spread along it each of which transmits an identifiable acoustic 
signal. The system includes a floating network having at least three 
acoustic receiver units (T.B.Q), with means for knowing the position 
of these units (T.B.Q) with respect to the ship (V). The system has 
also means for transmitting to a processing unit the time 
corresponding to receipt, by the receiver units (T.B.Q), of signals 
from the acoustic cable transmitters (P). The processing unit 
includes means for calculating, from these time and position values 
the position of the acoustic transmitters and therefore the trajectory 
of the cable as it is unrolled from the ship. 

IN - BOUCQUAERT FRANCOIS; LECOQ FREDERIC 

PA - GEOPHYSIQUE CIE GLE (FR) 

EC - G01V1/38C 

IC - G01V1/38 

CT - US5497356 A [Y], EP0308222 A [A]; EP0267840 A (A]; 
FR2620536 A [A]; XP00031 2715 A [Y] 

CTNP-[Y] BELL B METAL: "NONLINEAR KALMAN FILTERING OF 
LONG-BASELINE, SHORT-BASELINE, GPS, AND DEPTH 
MEASUREMENTS" 

PROCEEDINGS OF THE ASILOMAR CONFERENCE ON 
SIGNALS, SYSTEMS 

AND COMPUTERS, PACIFIC GROVE, NOV.4 - 6, 1991, vol. 1, 

no. 

CONF. 25, 4 novembre 1991, pages 131-136, XP000312715 
CHEN R R 

owpi/oovyCNT 

Tl - System for monitoring the placement of a seismic cable, from a 
ship, onto the sea bed. 

PR - FR19970016497 19971224 

PN - FR2772931 A1 19990625 DW199938 G01V1/38 012pp 

PA - (GEOP-N) CIE GEN GEOPHYSIQUE 

IC - G01V1/38 

["<»>< . ~ 
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PR - FR 1997001 5484 19971208 
OPD - 1997-12-08 

Tl - Device for executing combined hydrographic surveys from one 
vessel 

AB - The differential GPS, terrestrial GPS, the hydrographic sounder, 
and information processing device are chosen to have small 
dimensions and are combined in a portable box. They are arranged 
in the box so that they function without modification. An opening 
(12,13) in the box provides for the removal of the acoustic base of 
the hydrographic sounder and to activate the various equipment. 
Device comprises a differential GPS receiver (3) equipped with HF, 
UHR or VHF communication for positioning by satellite, a terrestrial 
GPS (8) station with HF, UHF or VHF communication 0), a 
hydrographic sounder (2) and its acoustic base (11) and a 
computer device (4) for processing data. 

IN - CHAUMET LAGRANGE MARC 
PA - AQASS (FR) 

EC - G01C13/00 ; G01S5/14B3 ; G01S5/14B4 ; G01V1/38C 
IC - G01S5/14 ; G01C7/00 ; G01C13/00 

CT - WO9704334 A fX]; DE29618253U U [A]; US5689475 A [A]; 
US6559754 A [A], JP9053936 A [A] 

CTNP- [A] PATENT ABSTRACTS OF JAPAN vol. 097, no. 006. 30 juin 
1997 & 

JP09 053936 A (UNYUSHO DAI SAN KOWAN KENSETSU 
KYOKUCHO;FURUNO ELECTRIC CO LTD),25 fevrier 1997 
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Tl - Device for executing combined hydrographic surveys from one 
vessel 

PR - FR1 997001 5484 19971208 

PN - FR2772134 A1 19990611 DW199936 G01S5/14 010pp 

PA - (AQAS-N) AQASS EURL 

IC - G01C7/00 ;G01C13/00 ;G01S5/14 

IN - CHAUMET L M 

AB - FR2772134 NOVELTY - The differential GPS, terrestrial GPS, the 
hydrographic sounder, and information processing device are 
chosen to have small dimensions and are combined in a portable 
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[57] ABSTRACT 

A method and device urc provided tor determining by 
acoustic telemetering liic position of immersed objects 
with respect to a ship having a location assembly con- 
nected thereto including two acoustic transmission- 
reception assemblies and a to wed locating base includ- 
ing two other assemblies offset laterally with respect to 
the path of the ship, in which method two measuring 
cycle* are earned out successively, ibe first one consist- 
ing in determining by acoustic telemetering the position 
of the mobile locating base with respect to the locating 
base fixed to the ship, while the second consists, still 
"sing Acoustic telemetering, in determining the position 
of the towed objects with respect to the mobile locating 
base. Then the coordinates of all the towed objects are 
determined with respect to the ship. 

ifl Claims, 5 Drawing Sheets 



NOU-28-200? 07:54 From: WESTERNGECO 

v 



2816891977 



To: 915712730125 



P. 24^52 



United States Patent [19] 

Roberts 



II 11 Patent Number: 
[45j Date of Patent: 



4,635,236 
* Jan. 6, 1987 



|MJ SUBMERCED MARINE STREAMER 
LOCATOR 

[75] lnvcnloi: F» Alex Robert*, Brea, Calif. 

[73] Assignee: Chevron Research Company, San 
Fr»nciscp. Culif. 

[ • J Nonce: The portion of the term of This paicm 
subsequent to Nov. 26, 20(12 has been 
disclaimed. 

(21] AppLNo.; 637,445 

(221 Filed: Aug. 3, 1984 



1631 
[51 

f58l 



Related U.S. Application Data 
ContiflU*rioiwn-pDri of Ser. No. 306.795, Sep. 29, 1981- 

Int. O* GUIS 15/06; G01V 1/38 

a 367/19; 367/6; 

367/130 

Field of Sea/cb 367/6, 16, 19, 20. 106. 

367/130, 117; 1A1/1I0 

References Cited 

U.S. PATENT DOCUMENTS 

\*6Q,9CC J/1975 Swmlrlef 340/3 R 

4.037.189 7/1977 1MI *i ai 340/6 R 

4,051,350 9/1977 Parent 364/432 

4,063,213 12/1977 Itrio et nl 340/7 PC 

4.064,479 12/1977 Ruchle 340/7 R 

4,0*7,780 5/1978 llria el al .140/7 R 

4,097,8.57 6/1978 Cyr 340/5 C 

4.110,726 R/1978 DOrcance et al 340/6 R 

4.138.657 2/1979 Shave 340/3 

4,290,123 9/1981 Pu:kinrt 367/13 

4,299.909 10/1980 Sdiwalbc J67/6 

4,555,779 u/1085 Robert* 367/6 

4,840,845 10/1974 Biown 340/7 R 



FOREIGN PATKNT DOCUMENTS 

7029172 9/1972 Prancr 

OTHER PUBLICATIONS 

"A Dynamic Positioning System for the Moholc Dril- 
ling Platform", by R W Rngtond. Honeywell, Inc. 
"Acoustic Navigation System*", by D. M. Shtsrworid. 
BcmJix-Pucific Division. 

"A High-Resolution PwUe-Uoppcr Underwotef 
Acoustic Navigation System", R. C. Spinder, IEE Jour- 
nal of Oceanic Engineering. v ol. OF-1 
"CW Deacon System for Hydrophone Motiou Determi- 
nation", by R. P. Porter et al. Woods Hole Oceano- 
graphic Institute, The Journal Of Acoustical Society of 
America. 

"Instrumentation of Underwater Vehicle for High Pre- 
cision Topographic Surveys* H, O, Town, NTNF 
Continental Shelf Division. 

"Survey Techniques for Acoustic Positioning Arrays", 
D. L. McKcown, Navigation, Spring 1975, pp. 59-67. 
"Acoustic Measuring System and its Performera", by C, 
C. Lcroy. el al. OJJshore Technology Conference, vol 
1. 

Primuty Examiner— Nelson Moskowirz 

Assiuunt Examiner— Gregory C Rwig 

AUornvy* A%W t or firmS* R. LaPaglia; E- J- Keeling, 

P L. McGamgle 

[57] ABSTRACT 

Method and means are provided for determining the 
position of a sub merged marine streamer towed behind 
an exploration vessel. An array of sets of ai least three 
transponders secured to the ocean floor generate distin- 
guishable acoustic pulses upon a command signal. 
These signals are received by receivers housed in the 
streamer. The position to each receiver may be triangu- 
lated from the data generated. 

7 Claims, 2 Drawing Figures 
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|57| ABSTRACT 
Method mid mean* ore provided for determining the 
position of a submerged murine streamer towed behind 
an exploration vessel. An wrray of at least rhree '«*n- 
gpundcrs secured to the oc«an floor generate distin- 
guivhubie ucoustic pulses upon a command signal from 
the ship. These signals are received by hydrophones 
housed in the streamer and by the ship. The distance to 
each hydrophone may be triangulated from the data 
generated including accounting for changes in velocity 
between The vessel and the seismic Streamer und the 
bottom transponders during the taking of Such data 

10 Ckim*, 2 Drawing Figures 
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Patents Act 1977 

Examination Report under Section 18(3) 
Novelty (Section 1(1 )(a)) 

1 . The invention as defined in claims 1-4,7-12, 19-21 ,25-27 is not new because it has 
already been disclosed in each of the following documents: 

US 4,376,301* (Roberts) relevant to claims 1-4,7,9-12,19-21,25-27 
WO 84/03153 (Kongsberg Vapentabrikk) relevant to claims 1,7-8,10,19 

* I apologise for citing a new document at this stage. You will be aware that this document 
is listed on the search report for your equivalent PCT application WO2004034091. 

2. US 4,376,301 relates to an apparatus and method for determining the location of a 
marine streamer towed behind an exploration vessel. As shown in figure 1 the apparatus 
includes a plurality of hydrophones 20 spaced along the streamer. I consider these 
hydrophones to be seismic sensors. The apparatus also includes at least a pair of sources 
(shown at 28,30 in figure 1) which transmit high frequency sound pulses. These high 
frequency sound pulses, which would clearly be distinguishable from the seismic survey 
signals, are received by the hydrophones and the received signals are used to determine the 
position of the hydrophones. US 4,376,301 shows that the invention, as defined in 
independent claims 1 and 19, is not new. 

3. Claims 2-4 and 20-21 lack novelty in view of column 3 lines 36-38 of US 
4,376,301. 

4. Claim 7 lacks novelty, as figure 1 of US 4,376,301 clearly illustrates two sources. 

5. Column 3 lines 42-45 of US 4,376,301 states that the sources may be piezoelectric 
sources, thus indicating lack of novelty in claim 9. 

6. US 4,376,301 also shows a lack of novelty in claims 10-12 and 25-27. Whilst the 
method of determining the position of the seismic sensors (hydrophones) is somewhat 
different to that described in your application, the method is still based on using a plurality 
of propagation times from the sources to the sensors (as described at column 3 lines 17-27) 
and may be considered as a triangulation method (as indicated at column 4 lines 35-40). 
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[Examination Report contd.] 

7 f - WO 84/03153 describes an apparatus and method Tor determining the position of a 
hydrophone cable Lowed hehind a vessel. As shown in figures 1 and 2, ihe apparatus 
includes a scries of acoustic signal generators (6, 7a & 7b or 8a~8n) which generate signals 
which are detected by the hydrophones in the hydrophone cable 2. T understand these 
hydrophones to be Ihe sensors which are used in conducting the seismic survey, i.e. the 
seismic sensors, The signals received by the hydrophones are used to determine the shape 
and position of the hydrophone cable relative to the vessel. As indicated ai page 8 lines 10- 
15, the signals received by the hydrophones are of frequencies and types which make ihein 
easily recognisable, which I take to mean that the signals are distinguishable from the 
seismic survey signals. WO 84/03153 demonstrates a lack of novelty in independent claims 
t and 19, 

8. Tt is not entirely clear how many signal generators are envisaged for the apparatus 
described in WO 84/03153, but figure 1 shows four such devices 6. On the face of it, 
therefore, claims 7 and 8 lack novelty. Even if claims 7 and 8 were found to be novel over 
WO 84/03153 they would attract an inventive step objection. 

9. WO 84/03153 clearly shows a lack of novelty in claim 10. 
Inventive step (Section 1(1 )(b)) 

10. The invention as defined in claims 1-13,1 9-22,25-28,30 is obvious in view of what 
has already been disclosed in the following documents: 

US 4,376,301* (Roberts) relevant to claims 5-6,22 

WO 84/03153 (Kongsberg Vapenfabrikk) relevant to claims 2-6,9,11-12,20-22,25-27 
US 4,641.287* (Ncclcy) relevant to claims 1,7-13,19,25-28,30 

* I apologise for citing these documents at this stage. You will be aware that these 
documents are listed on the search report for your equivalent PCT application 
WO2004034091. 

1 1 . The positioning signals in US 4,376,301 take the form of pulses preferably having 
frequencies in the range of 2-100 kHz. The skilled person would realise, without exercising 
inventive ingenuity, that other frequencies outside the frequency range of the seismic survey 
could equally be used, such as those specified in claims 5-6 and 22 of the current 
application, These claims do not introduce an inventive step over US 4,376,301. 

12. Page 8 lines 1045 of WO 84/03153 states that the signals received by the 
hydrophones are of frequencies and types which make them easily recognisable. The skilled 
man would readily appreciate that one means of achieving this would be to use high 
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[Examination Report contd.] 

frequencies, that is frequencies outside the range of the seismic survey. Use of high 
frequency acoustic signals in streamer positioning is known from US 4,376,301, for 
example. Accordingly claims 2-3 and 20-21 lack inventive step in the light of WO 
84/03153. Furthermore there appears to be no inventive merit in claims 5-6 and 22, which 
merely specify a particular operating frequency. 

13. WO 84/03153 does not provide much detail as to how the position of the hydrophone 
cable is determined from the signals received at die hydrophones from the acoustic signal 
generators. However, position determination using transit time and triangulation is well 
known in the an. Accordingly claims 1 1 -12 and 25-27 are obvious in the light of WO 
84/03153. 

14. US 4,641 ,287 describes a system and nicUiod for determining the position of seismic 
sensors on an ocean bottom cable. As illustrated in figure 1, the ocean bottom cable 
includes a plurality of acoustic pulse detectors 24, which 1 understand to be the seismic 
sensors used in conducting a seismic survey. Acoustic pulses S, S + 1, S+2, S+3 are 
generated at a number of shot locations and the travel time of these acoustic pulse to the 
detectors is used to determine the position of the detectors. Though not explicitly stated in 
the document, it is implicit that the described method for locating the ocean bottom cable 
would be performed independently of a seismic surveying operation, for example during a 
period when a seismic survey was not being conducted. The signals received at the 
detectors would therefore distinguishable from seismic survey signals, even though they 
might take the same form. Though US 4,641,287 only shows one acoustic source 38 fired 
at a plurality of positions, it would be obvious to the person skilled that the same result 
could be achieved using a plurality of sources, Using a plurality of spaced sources in a 
system and method for determining the position of a seismic cable is known in the an. Such 
arrangements are shown in WO 84/03153 and US 4,376,301 mentioned above, and also in 
GB 2,089,043, US 4,555,779 and US 4,635,236 mentioned on the search report. US 
4,641,287 shows diat the invention, as defined in independent claims 1,13,19 and 28, lacks 
an inventive step. 

15. In view of the above comments, dependent claims 7-1 2,25-27 and 30 also lack 
inventive step in view of the teaching of US 4,641 ,287. The method disclosed therein 
clearly uses the propagation times from the sources to the detectors, and might be described 
as a triangulation method. 

Clarity, Conciseness, Support and Plurality (Section 14(5)) 

16. Your patent application includes numerous independent claims that have slightly 
different but overlapping scopes. Such a set of claims is not concise, casts doubt on the 
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(Examination Report contd.J 

essential features of the invention and places an undue burden on a reader attempting to 
understand the full scope of the claimed monopoly, 

1 7. The Code of Practice for patent applicants and agents includes the following 'best 
practice' guidance: 

The claims as filed should not, where it might have been avoided, contain. ..multiple 
independent claims in any one category, even if only one inventive concept is 
present 

You may also wish to refer to paragraphs 14. 1 10. 1 and 14 J40 of the Manual of Patent 
Practice, which are particularly relevant to this issue. 

18. 1 am not formally objecting to plurality at this stage but 1 am of the opinion that your 
claims relate to a plurality of inventions, though it is unclear how many inventive concepts 
are present. The common matter of the eight independent claims is: an apparatus 
comprising at least one seismic sensor and plurality of sources which provide a positioning 
signal distinguishable from the seismic survey signal, or a method which uses such an 
apparatus. This common subject matter is clearly disclosed in a number of the documents 
mentioned on the search report. 

19. You should therefore consider amending your claims to define the essential features 
of your invention using a single independent claim for each category (eg product, process, 
apparatus, use), leaving non-essential features to dependent claims, and thus ensuring that 
your claims relate to a single inventive concept. 

20. It is clear from claim 1 that the sources generate positional signals which are 
distinguishable from the seismic survey signals, but the construction of lines 5-7 of the 
claim means that it is not clear whether these positional signals are provided to the seismic 
sensors. In contrast, claims 13,19,28 make clear that the sources provide a positional 
signal to the seismic sensors. 

21. The phrase 'deployed in a manner structurally independent of in claims 1 and 19 is 
unclear. If, as indicated at page 7 lines 22-24, you mean that there is no known relationship 
between the position of the sources and the seismic sensor then you should say so more 
clearly. 

22. Claim 1 specifics that the apparatus comprises 'at least one seismic sensor* , which 
includes the case of only one seismic sensor, but the claim later refers to seismic sensors in 
the plural. To ensure clarity you may wish to consider amending the end of claim 1 along 
the lines of \,.a seismic signal to die or each seismic sensor'. A similar comment applies 
to claims 13,19,31,34 and 39. 
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23. It is not clear what is meant by the use of the term 'bandwidth' in claims 2-6,14-18, 
20-21 and 29. The term is generally taken to mean the spread of a range of frequencies, 
i.e. the difference between the upper and lower frequencies of a range of frequencies. 
Using such a definition, claim 5, for example, means that the bandwidth of the positioning 
signals is between 700 and 2000 Hz, but the claim does not indicate the lower and upper 
bounds of the frequency range of the signals. Such a definition means that the claims are at 
odds widi the description. As I understand the description, positioning signals are provided 
which have a range of frequencies which docs not overlap with the range of frequencies of 
the seismic survey, the range of frequencies being 700-2000 Hz or 1500-4500 Hz, for 
example. You should therefore consider amending claims 2-6,14-18 and 20-24 to use the 
term 'frequency range* rather than •bandwidth 1 . 

24. The term Uhe received positioning signals', at the end of claim 31, is not mentioned 
earlier in the claim. A similar objection relates to claims 34 and 39. These claims do not 
specify that the positioning signals arc received by the seismic sensor(s). 

25. Claims 31 ,34,35 and 39 do not require that the positioning signals are received by 
the seismic sensors. As I understand it, this is an essential feature of your invention, as set 
out in the 'summary of invention' on page 3 at lines 13-16 and 22-24, and mentioned at 
page 7 lines 6-8, page 8 lines 22-24 and page 13 lines 4-5, I can see no enabling disclosure 
in the description of the positioning signals being received at any sensors other than those 
provided on the streamer cable for detecting seismic survey signals. Accordingly claims 

31 ,34,35 and 39 are not supported across their entire width. 

26. Page 7 lines 10-12 states that some embodiments of your invention may use optical 
or radar signals, or die like, instead of acoustic signals, Such embodiments certainly fall 
outside the scope of claims 1,13,19 and 28 as currently presented. You should ensure, on 
amendment, that your description does nor describe any embodiments falling outside the 
scope of your claims, so that no doubt is cast on the scope of your invention. 

27. Claim 18 is inconsistent with claim 17, upon which it depends. Perhaps claim 18 
should be appended to claim 16, not claim 17. 

28. It is nor clear what, if anything, claim 26 adds to claim 25. 

29. There are two claims numbered '34 \ Some amendment of the claim numbering is 
clearly required. 



30. The term 4 the received signals' in claim 37 has no antecedent basis in claim 35. 
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[Examination Report contd.] 

Non-metric units 

31. The equivalent metric values should be given alongside the non-metric values 
mentioned on page 1 of your specification. 

Other matters 

32, The references to 'spirit' of the invention on pages 5 and 15 should be deleted. 
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ABSTRACT 



Method and means are provided for determining the 
position of a submerged marine streamer towed behind 
m exploration vessel. A aonic ring around feedback 
system n employed to redundantly ascertain the dis- 
tance to various hydrophones housed in the streamer 
from an outboard mounted transponder capable of gen* 
crating high frequency sound pulses of short duration. 



9 Claims, 2 Drawing 
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gun at interval* of less thin 4 seconds win col permit 

SEISMIC STREAMER LOCATOR sufficient dissipation of the sound waves and will result 

in data that is difficult or impossible to evaluate due to 

BACKGROUND OF THE INVENTION the reflected nobc Thus, the use of on air gun, in combi- 

1 Tn.Mrf.Ki.i B «™^ 5 nation with the hydrophones for range estimation, pres- 
^n^inve^fh^ principal application cat* prob W and docs mrt allow for a lack of redux, 

with* STfleW of marine seism* exploratoi. More dancy m P^™* locating the hydrophones- 
portkularry. the invention b concerned with a method SUMMARY OF Tim INVENTION 

and means for accurately determining the position of s , _ 

Jowed^ine seismic streamer. ™ The present invention relates to apparatus for use in 

2 Prior Art determining the location of a marine streamer towed 
In marine seismic prospecting an exploration vessel behind an exploration vcsscL The apparatus includes *n 

tows a w^tnio streamer having a plurality or prMsitre acoustic source mounted outboard from the stem of the 

seashive detectors, commonly referred to as hydro- vessel beneath the water surface which is capable of 

phones. A source of seismic energy, such as an air gun 15 emitting high frequency sormd pulses of short duration 

or an explosive charge, it used to propagate pressure upon an external coaimand- A plurality of hydrophones 

waves through the water into the under lying sen floor. is housed in the streamer capable of receiving pulses 

Part of the energy wfll be reflected by iubflocr gcologt- from the acoustic source and transmitting signals 

cnl discontinuities and subsequently detected by the through separate channels in the streamer in response 

hydrophones as pressure variations m the surrounding 20 thereto* To provide redundant measuring capability, a 

water. The mechanical energy of these pressure varia- preselected number of hydrophone signals will each 

toons b transformed into an electrical signal by the hy- trigger additional pulses from the acoustic source. Mee- 

drophones and iransmittnd thru ugh the streamer to snrement of the elapsed time from a first eaternaDy 

recording apparatus aboard the vessel. The collected initiated pulse to the receipt of the last predetermined 

data may then be interpreted by those slutted in the art signal generated by a hydrophone permits an accurate 

to reveal information about the subset geological for- deteraunatiun of the range. 

matioos. Preferably, a pair of acoustic sources arc mounted 

For the signals to be meaningful, it is necessary to Dpjirt ^ outboard from the stern of the vessel which 

know the precise location of the individual hydro* Q fe capable of emitting the high frequency sound pulses, 

phones at the time the pressure waves are detected. As 30 The pair of sources may be nAed in different time frames 

the vessel is continually moving and as the : streamer to acquire data as to the location of the hydrophones or 

may extend for thousand* of feet behmd the vessel, they msy use dimrcnt frequency pulses which are di*~ 

luxuratc location of hyeUophoncs is dtfPcult. tingulslttblc by the hydrophones and in response to 

Various systems have been developed to provide Sn^crcnt sigwls^T^^irwrf to the vessel 

ST"* ^T^f" ^te^t?a ^ J the return signals from the 

however, it is rare for the hydropa0<> £ to adjust the amplitude of the acoustic 

along the path of the vessel WWlc the itreamcr is at- ^[^Z to mnnmke the power required for trans- 

cached to the stern of the vessel, dkcMoTtti streamer ^Zl^^^^^^ 

. - — a^TT— ..u * -TJo, -.PMrtwb-Jiv „» the range between 3.5 and 250 utohem and the pulse 

streamer. As a result. \bc^-u*& airrtn\ velocity at ^^^jjy ^ a duration running f mm the lime 

the streamer depth may differ from the cross-track cur* snonm normally nave « amuron """^"a ^^ T 7 
rent dSg the vessel thereby causing the streamer to J to W*»*™**y 70 cycles. 

rtraTat^lngle to*c vessel's c«rr^ Other factors, I» one preferred "J"*^ 

which are noTuecessary to enumerate, may also create 45 channels are sunuWoualy merged lax^Uhe »o*usUe 

> variance in the path of the streamer when compered «»ircc s triggered into genersUng ajWitW pulses 

mihTw^^kT only after the signal ts received rcsponsrve to the nreyi- 

oL method of estimating the location of the itreamcr ous pulse by the last or furthest hydrophone in the 

djjc1i-*fiT in the prior art relies upon the addition of a tail streamer. 

buoy radar reflector located at the end of the streamer. 50 BRIEF DESCRIPTION OF THE DRAWINGS 
On-board radar systems may then be used under opU- , _ . 

uS^^tk^o find the end of the streamer and WO. 1 is a top view of a marine streamer bemg towed 

the location of the individual hydrophones interpolated, by a vessel 

^hTyatons are generally unreliable however, and FIG. 2 is a block circuitry diagram of apparatus suit- 
render the required data suspect 55 able for use in the mvennon. 

A second method taught by the art relies upon very DETAILED DESCRIPTION OF THE 

sensitive and expensive apparatus to measure the yaw PREFERRED EMBODIMENTS 

and pitch angles of the streamer end adjacent the vessel. _ 
Thecoma, coupled with magnetic compass headings FIG, 1 Is a diagrammatic rer*esentation of an explo- 



u*ken along the Streamer and "the known' depth of the £0 radon vessel 10 towing a marine seismic streamer as 
streamer, permits one to empirically calculate the hy- viewed from above. T*e track of the vessel is mdicated 
dr^h^euLmona. by dashed line U and the streamer 14 arcuately trails to 

In norma] operations, the vessel travels at a speed of one side. A plurality of depth controllers 16 of conven- 
anin^simatery 3 meters per second and sets off original tkmal design maintain the bulk of the streamer at a 
scsVmiC propagauons appforimately every 10 seconds. 65 depth beneath the surface of from approximately 5 to 10 
The use ofxUrnic prorations at a shorter interval is meters. Tail buoy 18 ts affucd to the trailing end of 
limited by the time required for the dissipation of all streamer 14 and maintains the end of the streamer at the 
reflected seismic waves. In particular, the use of an air surface. A plurality of hydrophones 20 me spaced along 
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the length of the streamer for detecting pressure vans- hydrophones may be determined. Gale 140 thus serves 
tions and transmitting signals announcing the receipt of to block spurioni signals generated by reflections from 
name along the streamer to recording apparatus aboard the water surface and ocean finer, 
the vessel. In addition, the streamer 14 will also house » Since the purpose of the present invention is to redmv 
plurality of depth sensors 22 and magnetic compares 24 J dantly determine the location of each hydrophone 
which may be interrogated for information as to the along the streamer by a ring-around feedback system, 
depth and orientation of the streamer at the locations of the acoustic source must initiate a pulse upon receipt of 
these instruments. an Incoming hydrophone signal To prevent the genera- 

An air gun 26 n mounted outboard from the stern of fon of confusing hydrophone signals, each hydrophone 
vessel 10. In a conventional gun, air, compressed to a 10 preferably monitored sequentially through individual 
pressure in the range. 34 to 350 atmospheres, is suddenly channels. • 
released 1 from a submerged chamber over a period of a ^ ligDak V9aring through gate 140 are amplified 
few milliseconds to generate an acoustic impulse, ^ sbapcd b ^ 150 . the shaped signals are passed in 

A pair of high ^^y^°^ hc 28 and 30, a|W dirotigh a clocked counter 160 and gain control 

are mounted outboard l from the vessel stern and are 15 0nh t70. The gain control unh automatically adjusts the 
typicany spaced apart iromj^otta at a distance of tran<mig « 0n of acoustic source 100 ini^esponae 

£gb*^ f» *- »! ' "» » 

r V l Z if . . , mimmirr power consumption. Clocked counter 160 

!? ^ hy ? rophox ^ **; U ? W VrS?f ,p l of „ n counts the number of feedback signals emanating hum 
pulses, the hydrophones emit a signal wluch is transmit- 20 |h . Mtacltt . h vHm«^™ and d*3^i^i7«,3 
ltd to the vessel along the streamer. The transmitted g** ^J^^^SS ' ™ 

hydrophone signals are used to trigger additional pulses ^1^^^ ^ • 

from the sources 28 and 30 in a controlled oscillation jfe^' ^L^r^T ^T*Jt^.T* 
loop. Measurement of the time involved for a given Sfflft P "X £ SSF"? ^ ?S2 ^ 
number of eolations allows redundant, accurate cel. 25 * fltef ' * r™dtiousiy measured and the 

culatkms of the distance to the hydrophones, given the * VcrflgB ^™ined to accurately ascertain the 
velocity of the pulses in water. With the calculated *. . ^ , » 

range, location of the hydrophones may be determined Ctaotry is also provided to autoriurtcally retrigger 
precisely m conjunction with the depth data obtained ■» ucOushc pukw through trjgger 1» ip response to the 
rjymterroganon of sensors 22. 30 S1 *™ s passing through counter 160, After a predctcr- 

J1C. 2 illnstratca m block form functional circuitry mined ftn Tuber 0? signals, preferably six. have been re- 
which may be used to accomplish the raiige-fiiidmg coved, tM counter resets to zero to await the beginning 
objectives Stated above, In accordance with PIG* 2, of ftddmonal rangfhfindug operations tor successive 
acoustic source 100 is triggered into initiating s pulse, hydrophones through external start 110. 
via external sunt 110 and trigger 120, of high frequency 55 A'^Ofi* FIG, 2 depicts only, a single acoustic 
and short duration. Hie pulse will preferably be hi the fource. it is preferable to use a pair of sources so thai 
range* 2 tO 100 IdlOheftZ and more preferably in the independent range detennmatknu may be triangulated 
range, 3 to 10 tilohcxu. The pulse length is preferably to . P»P9«« &c hydrophone position with either the 
from mooocycle to 20 cycles. Longer pulses may be knowledge of the depth or the appropriate compass 
used but serve no useful purpose. The acoustic source 40 headings, 

may be piezoelectric, ferroelectric, or electromagnetic If two acoustic source* arc employed, they should be 
in nature. Preferably, the source wiH comprise n piczO- alternately used to prevent confusing cross signals or 
electric or ferroelectric device having a pencil-shaped should use differing frequency outputs so that d is tin- 
acoustic beam oriented in the general direction of the gulshnble signals may be generated by the hydrophones, 
streamer. Such units having a frequency in the range of 45 ^ n mother preferred embodim ent, all of the channels 
2 to 8 hJJohertz and capable of generating unit cycle from the hydrophones are shnultancously monitored 
poises are commercially available. and the receipt of the hydrophone signals are individu- 

As mentioned above, the acoustic sources are prefer* ally timed. However, the acoustic source hi triggered 
ably mounted outboard from the stem of the csplora- m io generating a succeeding pulse only after reccrpi of 
Don vessel and are separated by a distance Of 20 to .40 50 the hicoming hydrophone signal emanated from the last 
meters for rriangulation purposes. or furthest hydrophone in the streamer. 

The pulse from acoustic source 100 travels through ..What is claimed is.* 
the water 01 a speed of approximately 1500 meters per Apparatus for use in redundantly determining the 

second and contacts the streamer hydrophone 130. Hy- position of a seismic rnarine streamer towed directly 
drophones, such as hydrophone 130, are spaced along 55 behind the stern Of a vessel, which comprises: 
the length of the streamer at distances from 100 to 500 at least a pair of acoustic sources mounted outboard 
meters, and most preferably, at 400 meters. As the puke from the stem of the vessel beneath the water sur- ' 

is detected* the hydrophone responds and transmits a face, said acoustic sources being laterally spaced 

signal through the streamer to the vessel. Such signals apart from each other, and each capable of general- 

will normally be transmitted along separate electrical 6u ing a high frequency acoustic pulse of short dura- 
conductors extending to each hydrophone. Transmitted tion; 

signals from the hydrophone pass through a gate 140 means operable on said vessel for causing each of said 
which blocks all signals eicept those that are expected sources to generate a first pulse, 

during preselected time intervals. Since the approxi- at least one hydrophone housed to said Streamer capa- 

mate distances from the acoustic sources to the Individ* 63 ble of receiving each of said first acoustic pulses 

ual hydrophones are known from the spacing of the from each of said sources; 

hydrophones along the streamer, the approximate time means for transmitting a signal to Said vessel through 

"window" for receipt of the signals from the individual a separate channel in said streamer in response to 
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each of said first pulse* received by said hydro* 
phunc; 

means for monitoring Raid acparaic channel from sold 
hydrophone during given time periods owl for 
blocking signal* transmitted through said channel 5 
during those time periods in which no signal from 
cither of said sources is anticipated; 

triggering means responsive 10 a transmitted hydro- 
phone signal passing through said channel during 
one of said given time periods for causing either of 10 
said pair of said acoustic sources to generate a 
successive pulse in response tn a signal from said 
hydrophone representing reception of on acoustic 
pulse from the «ame acoustic source; nod 

means for separately counting the number of times 15 
signals are emitted by said selected hydrophone tn 
generate said successive pulses from each of said 
pair Of acoustic sources and for separately measure 
ing the elapsed times from the fust initiated pubc to 
the receipt uf the last selected number of hydro- 20 
phone signals detected from each of said pair of 
acoustic sources. 

2. Apparatus for use in redundantly determining the 
position of a tnarinc seismic streamer towed directly ^ 4 
behind the stern of a vessel, which comprises: 

first and second acoustic sources mounted apart from 
each other and outboard from the stern of the ves- 
sel bebw the water surface, each source being 
capable of generating high frequency acoustic ^ 
pulses of snort duration^ 

at least one hydrophone housed in said tiircwrier capa- 
ble of receiving pulses from said acoustic sources 
and means for transmitting a signal to said vessel 
through a separate channel in said streamer iii re- 35 
sponse thereto; 

means for monitoring said separate channel from said 
at least one hydrophone in a giveu time period and 
for blocking transmitted signals through said chan- 
nel during those time periods in which no pulses 40 
arc anticipated from cither of said first or second 
acoustic sources; 

external means operable on said vessel for causing 

said (list source to generate a pulse- 
triggering means responsive to a transmitted signal 45 
during a first given time period for causing said 
first acoustic source to generate another pulse; 

means for counting the number of rimes signals arc 
emitted by said at least one hydrophone to generate 
Euid successive pulses and means for measuring the so 
elapsed time from the first pulse generated by said 
first source to the receipt of the last of a selected 
number of hydrophone signals generated by said 
first acoustic source; 

means fur causing said second source to generate a 33 
pulse after said first source has completed transmit- 
ting pulses for said at least one hydrophone; 

triggering means responsive to a transmitted signal 
during another given time period for causing said 
second acoustic source to generate a successive 60 
pulse; and 

means for counting the number of times signals are 
emitted by said at least one hydrophone to generate 
said successive pulses and means for measuring the 
elapsed time from the first pulse generated by said 63 
second source to receipt of the lust of a selected 
number of hydrophone signals generated by said 
second acoustic source. 



i.301 
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3. Apparatus for use m redundantly determining, the 
position of a scisrnic marine streamer towed behind the 
stem of a vessel, which comprises: 

a first acoustic source mounted outboard from the 
stern of the vessel beneath the water surface which 
is capable of generating high frequency acoustic 
purses of short duration; 
a second acoustic source mounted apart from said 
first acoustic source and outboard from the stern of 
the vessel beneath the water surface which is capa- 
ble of generating a high frequency acoustic pulse of 
- short duration that is distinguishable from pulses 

from said first acoustic source; 
m^ans operable on ftjnd vessel for canting each of said 
first and second acoustic sources to generate their 
respective pulses; 
at least one hydrophone housed in the sir earner capa- 
ble of receiving Baid pulses from said acoustic 
sources and means for transmitting distinguishable 
signals through a separate channel in the streamer 
to said vessel in response thereto; 
means for monitoring said separate channel from said 
at least one hydrophone in given time periods and 
' for blocking signals through said separate channel 
during those times in which no acoustic pulses are 
'expected from either of said acoustic sourcca; 
first triggering means for causing said first acoustic 
source to generate another pulse in response to 
receipt Of a nonblockcd transmitted hydrophone 
signal during a first given time period, said signal 
being emitted as a result of a pulse received from 
said first acoustic source; 
second triggering means for Causing said second 
acoustic source to generate another pulse in re- 
sponse to another transmitted hydrophone signal 
during a second given nine period emitted as a 
result of a pulse received from the second acoustic 
source; and 

means for counting the number of times signals are 
emitted by said at least one hydrophone to generate 
said other pulses after a preueteiinlned number of 
signals from said hydrophone have been counted as 
a result of pulses generated by said first and second 
acoustic sources and for measuring the elapsed 
time from the first initiated pulse to the receipt of 
the last of a selected number of hydrophone signals 
from each of said acoustic sources* 

4. Apparatus for use in redundantly detenrunmg the 
position of a marine streamer towed directly behind the 
stem of a vessel, which comprises: 

(a) at least a pair of acoustic sources mounted out- 
board from the stem of the vessel and laterally 
spaced apart beneath the water surface, said 
sources being capable of generating high frequency 
sound pulses of short duration; 

(b) means operable on said vessel for causing said 
sources independently to generate pulses; 

(c) u plurality of hydrophones spaced apart along the 
length of said streamer capable of receiving said 
pulses and means for transmitting a signal to said 
vessel through separate channels in said streamer in 
response to each of the source originated pulses 
being received by each of said hydrophones; 

(d) means for blocking signals transmitted through 
said channels during preselected time periods in 
which no signals from cither of said pair of sources 
are anticipated; 
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(e) triggering menns responsive to a nonblocked hy- 
drophone signal generated by one of soul sources 
and traniznittcd from the furthest hydrophone in 
said streamer for causing saW one acoustic source 
to generate another pulse; 

(0 means for counting the number of times signal? arc 
emitted by said furthest hydrophone in response to 
said one source and for stopping die generation of 
said other pukes by said one source after a prede- 
termined number of said signals have been re- 
ceived; 

(g) means for simultaneously monitoring the channels 
from oil of said hydrophones and measuring the 
elapsed time from luiihiiion of die first acoustic 



10 



unblocked signal corresponding to a pulse from 
said other source being received by said hydro 
phone; 

separately counting the number of signals emitted by 
said hydrophone m response to each of said acous- 
tic pulses and slopping the generation of other 
pulses by each of said sources after predetermined 
numbers of signals have been counted from each of 
said sources; and 
separately measuring the time lapse from the time of 
initiation of said first pulse to the lime of receipt of 
the last of Said predetermined numbers of hydro- 
phone signals for eaeh of said two acoustic sources, 
8. A method of redundantly determining the position 



pulse by said one source to the receipt of each IS of a marine streamer towed behind the stem of a vessel 
hydrophone signal in response to said one source which comprises: 



along the length of said streamer; 

(b) additional triggering means responsive to a nnn- 
bloclted hydrophone signal generated by the other 
Of said sources and transmitted from the furthest 20 
hydrophone iu said slreamer for causing said other 
acoustic source to generate another pulse; 

(i) means for counting the number of times signuls are 
emitted by said furthest hydrophone in response to 
said other source and for stopping the generation of 23 
said other pulses by said other source after a prede- 
termined number of said signal* have been re- 
ceived; and 

(j) means for simultaneously monitoring the channels 
from all of said hydrophones and measuring the 3D 
elapsed rime from rnhxatinn of the first ucoustic 
pulse by said other source to the receipt of each 
hydrophone signal in response to said other source 
along the length of said streamer. 
S. Apparatus for use in deteriuiiung the location of a J5 
marine Streamer as recited in claims 1, 2, 3 or 4, further 
comprising: means to automatically limit the amplitude 
of the oftoustlc source pulses with respect to the receiv- 
ing sensitivity of the hydrophone to reduce reverbera- 
tion from the air-sea interface and the ocean floor and TO 40 
minimize power consumption by said acoustic sources. 

& Apparatus for determining the location of a marine 
streamer as recited in ulaims 1, 2, 3 or 4, wherein the 
frequency of the acoustic pulses from the acoustic 
sources is between 3.5 and 10 kiluherix and said pulses 4$ 
have a duration in the range of munouycle in 20 cycles, 
7- A method of redundantly rietenniiung the position 
of a marine streamer towed behind the stern of a vessel, 
which comprises: 
generating first acoustic pulses of high frequency and 50 
short duration with at least two acoustic sources 
spaced apart beneath the water surface and out- 
board from the vessel stern; 
said acoustic pulses being distinguishable from each 
other by at least one hydrophone housed in the 53 
streamer, separately detecting said acoustic pulses 
and in response thereto transmitting a signal along 
a separate channel carried by the slreamer to said 
vessel; 

blocking trajismission of signals along said channel 
during time periods in which no acoustic pulses arc 
anticipated; 

triggering one of said acoustic sources into generat- 
ing another acoustic pnlac upon receipt of an un- 
blocked signal corresponding to a pulse from said 65 
one source being received by said hydrophone; 

triggering the other of said acoustic sources into gen- 
erating another acoustic pulse upon receipt of an 



generating a first acoustic pulse of high frequency 
and short duration which an acoustic source lo- 
cated beneath the water surface outboard from the 
stern of the vessel; 
generating a second acoustic pulse of high frequency 
and short duration with another acoustic source 
laterally spaced apart from the first acoustic source 
beneath the water surface; 
detecting said lust and second acoustic pulses with at 
least one hydrophone housed in the streamer, said 
hydrophone responding by transmitting separate 
signals along a separate channel curried by the 
streamer to said vessel; 
blocking transmission of signals along said channel 
during those time periods in which no acoustic 
pulses ore anticipated from either said first or said 
other acoustic sources; 
triggering said first acoustic source into generating 
another pulse upon receipt of an unblocked signal 
from said hydrophone corresponding to reception 
of said first pulse from said first acoustic source; 
triggering said other acoustic source into generating a 
further pulse upon receipt of an unblocked signal 
from said hydrophone corresponding to reception 
of aaid second puke from said other acoustic 
source; 

separately counting the number of signals emitted by 
said hydrophone from aaid lint and said other 
acoustic sources and stopping the generation of 
said other pulses after predetermined numbers of 
signals have been counted from each of said 



measuring the time lapse from the initiation of Said 
first pulse to the receipt from sold hydrophone of 
said predetermined number of signals emitted in 
response to said other pulses from said first acous- 
tic source; and 
separately measuring the rime lapse from the initia- 
tion of said second pulse to the receipt from said 
hydrophone of said predetermined number Of sig- 
nals emitted in response to said further pulses from 
said other acoustic source, 
9. A method of redundantly determining the position 
60 of a marine streamer towed behind the stern of a vessel, 
which comprises: 
generating first acoustic pulses of high frequency and 
short duration with each of at least a pair or acous- 
tic sources located beneath the water surface and 
laterally spaced apart from each other outboard 
from the vessel stern! said acoustic pulses from said 
pair of acoustic sources being distinguishable from 
each other, 
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detecting each of aid acoustic pulses with at least one 
hydrophone housed in the ilr earner which re- 
sponds by transmitting a signal corresponding to 
each of laid pubes along a separate channel carried 
by the streamer to said vessel; 5 

blocking transmission ftf signals along said channel 
during each time period in which no acoustic 
pulses are anticipated; 

triggering each of said pair of acoustic sources into 
generating another acoustic pulse upon receipt of !Q 
an unblocked signal corresponding to a signal from 



10 

the one of said acoustic sources generating said 
pulse; 

separately recording a quantity representative of the 
average travel time of said first puke and a plural- 
ity of said other pulses to said hydrophone in said 
streamer from each of said acoustic sources; and 

in response to a given value of said quantity stopping 
the generation of said other acoustic pulses by each 
of said sources. 
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[57] ABSTRACT 

A method for locating an ocean bottom seismic cable is 
disclosed wherein a series of shots from a seismic pulse 
generator are fired. The distance to one seismic pulse 
detector is determined for each shot defining a spherical 
surface upon which the detector may be located. The 
intersection of the spherical surfaces determine the 
exact location of the detector. Depth detectors may be 
used io eliminate one half of the possible locations for 
each shot 

1 Claim, 2 Drawing Figures 
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fcrcncc upon which the detector must be located. The 

METHOD FOR LOCATING AN ON-nQTTOM intersection of a third sphere with the circumference 

SEISMIC CABLE thus defined produces two distinct possible locations of 

the detector. Depth detectors ere used to control the 

BACKGROUND OF THE INVENTION 5 possibilities and indicate the exact location of the detec- 

In present day seismic exploration there are several tor - 

niethods for acquiring dati in a marine cnvirwimcnL BRIEF DESCRIPTION OF THE DRAWINGS 
The most common method is to use a murine vessel to 

tow d line of seismic acoustic pulse detectors behind a FIG. 1 is a plan view of an ocean bottom seismic 

line Of acoustic puke generators. Unfortunately, this 10 cable system. 

type of arrangement does not permit extremely long FIG. 2 is a plan view illustrating location relation* 

spacing between the line of acoustic pulse generators ships of a portion of PIG. 1. 

and acoustic pulse detectors. In a system where a line of DESCRIPTION OF THE PRFFPB v pn 

acoustic pulse detectors axe towed behind the acoustic ^^^^^^Jr^J^J^ 

pulse generator, reflection data h obtained. Reflection 15 EMBODIMENT 

data is that data based upon returning acoustic waves Referring now to FIG. 1, an ocean bottom cable 

that are reflected back from a subsurface interface or system for acquiring seismic data is illustrated as having 

change in density. By extending the spacing between a recording boat 12 connected to an ocean bottom cable 

seismic pulse generators and Seismic pulse detectors, 14 through a floating lead-in connection 16. Recording 

refraction dais may slso be obtained. Refraction data is M boai j£ is anchored by anchors 18, 20 nnd 22 to assure 

that data based upon acoustic waves that are returning that it docs not drift and change the r*xsition of ocean 

back from the source side of an interface after traveling bottom cable 14. Ocean bottom cable 14 consist* of a 

along the i subswfaee interface, series of acoustic pulse detectors 24 spaced apart ap- 

A method for aco^mg mannc seismic data which proximately 50 m. In the preferred embodiment, ocean 

permits extended spacing between seismic pulse genera- ^ bottom cable 14 is designad for 120 traces, that is, it 

tors and «™n^ubc detectors is the use of an on-bot* UK , 1uoc * 120 hydrophone groups. Also included on 

^TlT^ TZ^ZS: anTZ^™^ — cI^T^^Zu^c^ 26 which are 

^^.r^££T g r?S^ ^J^*T£ ^ ^^ximatdy 100 m. Depth detectors 26 

recovers, refraction arm relation data may be ob- ^ be 0 f gpy lypg currently in use m the art and are 

An on-botiom seismic cable is similar to a streamer ^ to fc dcpUl M ™ «ea level of that panic, 

cable of seismic pulse detectors such as that towed ^L P ^5 ^]^™ ^ "J?* V? 0 ?* 
behind a marine vessel. A streamer cable comprising a ^^^J^L ^T2£ ? cordlD « 12 J? 
plurality of hydrophone groups spaced along hs length Sg^J* T ^™*^hy marker buoy 30. 
can be used as an on^onom cable, with the proper as of .J*?? hftttf T **** ■ nc! *T ed 

weight added to remove buoyancy. This assures that 32 identified by marker buoy 34. Located akmg 

the streamer win sink and remain fairly stationary do- of occan bottom cable 14 is shooting boat 36. 

spite the ocean-bottom currents. More detailed inform*- Shootingboat 36 is illustrated as having fired an air gun 
lion concerning the construction of an ocean bottom 39 which it ts towing at locations 5, S+l, 5+2, and 
seismic cable can be found by referring to copending 40 S+3 to locale the exact position of ocean bottom cable 
patent application* Ser. Nos. 279,042, 379,042 and 14 - 

279.043, titled "Slra'tn Member Chawria^ M Oo Bottom F or simplicity, travel of acoustic pulses trom shot 

Cable Termination* 4 and "Jockcled Cable Section", location S, shot location S+l, shot location S+2, and 
respectively, all assigned to the present assignee. Bhm location $+3 will be diacunsed only m connection 

Although an ocean bottom cable has a marker buoy 45 ""A acoustic pulse detector 24a. Depth detector 26a 
at each cud, the length of the cable is several miles and will provide the depth wfonuatkm for acoustic pulse 
much irregular terrain lies between the buoys. As such, detector 24a. in operation, the acoustic pulse generated 
the cable will have a depth variance and a variance at each one of the shot locations will be received by 
from a straight line connecting the two marker buoys. each acoustic pulse detector on ocean bottom cable 14. 
The depth of the occan bottom cable can be indicated 50 Using the location method of the present invention, the 
by depth detectors which may be spaced along the position of ocean bottom cable 14 wtll be determined at 
length of the cable. The actual location of the acoustic Ihe interval of the acoustic pulse detectors, 
pulse detectors is unknown because the deviation from To locate a portion of ocean bottom cable 14, air gun 
the straight line connecting the buoy locations is not 38 is fired first at location S, then at location S+l, then 
determined and can be as great us several hundred me* 55 at location S+2, and finally at location 84-3. The 
tcrs. acoustic pulse generated at each of these locations will 

r 1MMAyV nVf tup iwcTsrrtnw 00 detected bv acoustic pulse detector 24a which will 

SUMMARY OF THE INVENTION produce a response thereto indicating the arrival of the 

The present invention discloses a method for deter- acoustic pulse. The arrival time from each of the shot 
mining the exact position of an occan bottom seismic 60 locations will be different. By correlating the travel 
cable. A plurality of spaced a part shots are fired from an time with velocity of acoustic pulses in water, a distance 
acoustic pulse source, A response to each Of the Shots is may be determined. The distance for each location 
produced by an acoustic pulse detector on the occan defines the surface of a sphere as possible locations for 
bottom cable. The travel time Of each shot implies a acoustic pulse detector 24a By plotting the sphere for 
distance between the nource and detector. The distance 65 two locations, location S and location S+l, two 
may be used as a radius defining a spherical surface spheres may be graphed. The only possible location for 
upon which the detector is located. The intersection of acoustic pulse detector 24a consistent with spheres 
the spheres defined by successive shots define a circunv determined by the travel time from shot location S and 
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snot locution S+l is a circle ciefmed by the intersection 
of the two spheres. By graphing a sphere bused upon the 
ir ave) time with its correlated distance for dint location 
a third sphere muy be graphed. The sphere from 
shot location S42 may be plotted nKainsl the sphere 
from shot location S+l or the sphere from shot ioca* 
Hon S to provide an additional circle at its intersection. 
The interaection of the two circles generated by the 
iniencctkm of two seta of inlc«ecting spheres will pro- 
duce two possible locations for acoustic pulse detector 
24e provided S, S+l and S+2 locations do not consti- 
tute a straight fine. By the same token, graphing the 
Sphere from Shot location S and the sphere from shot 
location S+l and the sphere from shot location S+2 
win produce the same two points as possible locations 
for acoustic pulse detector JAa as the intersection of the 
two circles defined by the intersecting spheres. 

Of the two possible location? for acoustic pulse detec- 
tor 24c, one will be in the air and inconsistent with the 
depth indication of depth indicator 26a Thus, the esact 20 
location of acoustic pulse detector 1Aa maybe deter- 
mined by the mtcraectinn of three spheres generated 
from three shot locations where acoustic pulse source 
38 had been fired and the data received from depth 
detector 26a , , 25 

Referring now to FIG. 2, a aide view of the relation* 
ship between shooting vessel 36, acoustic pulse source 
S3 and acoustic pulse detector 24o is fflustratnd. When 
acoustic poise source 88 is fired, acoustic pulse wiD 
travel in a straight line to acoustic pulse detector 24a m 30 
a given travel time. The distance between acoustic pulse 
source 38 and acoustic pulse detector 2Ao may be calcu- 
lated by multiplying the travel time times the velocity 
of acoustic pulse in sea water, which is approximately 5 
ft/ma. By using the travel time, a distance Rr may be 35 
calculated, A depth equal to Z for acoustic pulse detec- 
tor 24a may be obtained from depth detector 26a Gun 
depth, Zc may be easily obtained from shooting vessel 
36 to obtain the distance from acoustic poise source 38 
to the depth of acoustic pulse detector 24a With this 
information, and the use of the Pythagorean Theorem, 
the horizontal distance from acoustic pulse source 38 to 
acoustic pulse detector 34a may be determined. For a 
first shot point S, the horizontal distance from acoustic 
pulse source 38 to acoustic pulse detector 24a may be 45 
plotted as a circle. Similarly, a circle may he plotted for 
a second shot point S+l and a third shot point 5+2. 
The intersection of these three circles give the location 
of acoustic pulse detector 24s projected to a horizontal 
plane defined by sea levcL 50 

By use of any of the foregoing methods, the location 
of ocean bottom cable 14 may be determined with a 
high degree of accuracy. Merely drawing a straight line 
between marker buoy 30 and tail buoy 34 does not 
accurately mdicaie the location of ocean bottom cable 55 
14, This is doe to the uneven terrain of the ocean bot- 
tom, the ocean currents and wave action when ocean 
bottom cable 14 is being laid. The location of ocean 
bottom cable 14 is essential in acquiring accurate seis- 
mic data since the depth of an interface which reflects 60 



40 



or refracts seismic data is determined by the travel time 
from an acoustic pulse source, such as source 38, and 
acoustic pulse detector, such as detector 24a Since 
acoustic pulse detectors 24 may be several hundred 
meters from a straight line drawn between marker buoy 
30 and tail buoy 34. the depth of an interface measured 
by reflected data may he off by over a hundred meters. 
Thus, using the method of the present invention, the 
location of an ocean bottom cable may he determined 
accurately to provide a greater degree of accuracy in 
the acquiring of adsmic dnia. 

While the present invention has been described by 
way of preferred embodiment, it is to be understood as 
not limited thereto but only by the scope of the follow- 
ing claim. 

I claim: 

1. A method for determining the location of an ocean 
bottom cable having acoustic pubc detectors compris- 
ing the steps of: 

Bring an acoustic pulse source at a first location; 
producing a first response thereto by a first acoustic 

pulse detector located on the said cable; 
determining the distance between said first location 
and said first acoustic pulse detector, said distonor 
defining a spherical surface; 
filing said acoustic pulse source at a second l ocation ; 
producing a second response thereto by said first 

acoustic pulse detector, 
determining the distance between said second loca- 
tion and said first acoustic pulse detector, said dis- 
tance defining a spherical surface; 
defining a line of possible loctkms of said first acous- 
tic pulse detector by the points common to said 
distance between said first location and said first 
" acoustic pulse detector and to said rHwfanrr be- 
tween said second location and said first acoustic 
pulse detacher; 
firing said acoustic pulse source at a third location; 
producing a third response thereto by said first acous- 
tic pulse detector; 
determining the distance between said third location 
and said first acoustic pulse detector, said distance 
defining a spherical surface; 
identifying two possible locations of said first acous- 
tic pulse detector by the points common to said line 
of possible locations of said first acoustic pulse 
detector and said distance between said third loca- 
tion and said first acoustic pulse detector; and 
eliminating one of said two possible locations as being 

above sea level; 
providing a depth detector in dose proximity to sakl 

first acoustic pulse detector; 
determining the depth of said first acoustic pulse 

detector, and 
confirming the location of said first acoustic pulse 
detector by eliminating locations of said line of 
possible locations meonsuuent with said depth of 
said first acoustic detector. 

♦ a • • • 
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28 February 2006 



I have re-examined your application in response to your agent's letter of 12 December 2005 
and enclose two copies of my further examination report. 

By the above date you should either file amendments to meet the objections in the enclosed 
report or make observations on them, Jf you do not, the application may be refused. 
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Stephen Jennings 
Examiner 





•Use of E-mail: Please noie thai e-mail should be used for correspondence only. 

L <$ti a on service 



NOU-E8-E007 07:58 From: WESTERNGECO 2816891977 
20- J AN- 2006 21'20 FROM MPRKS&CLERK 



To: 915712730125 
TO LINDA LOU 



P. 48/52 



Office 



J 



Your rcf ; 
Application No: 
Applicant : 

Latest date fur reply; 



AMS.P52304CB 
GB0223673.5 

WesteraGeco Seismic Holdings 
Mmiteri 



28 February 2006 



Examiner: 
Date of report ; 

Pag* 1/2 



Stephen Jennings 
01633 814986 
28 Dttiiumbcr 2005 



Patents Act 1977 

Examination Report under Section 18(3) 



Basis of the examination 

1 . My examination has taken account of the amendments filed With your agent's letter 
of 12 December 2005. 

Novelty (Section l(l)(a)> 

2. The invention as defined in independent claims 1 and 19 is not new because it has 
already been disclosed in each of the following documents; 

US 4,376,301 [Roberts] 

WO 84/03153 [Kongsberg Vapenfabrikk] 

3. In your letter of 12 December 2005 you have submitted that neither Of the above 
mentioned documents disclose or suggest that positioning signals arc provided to the seismic 
sensors concurrendy with seismic survey data, I have carefully considered this argument 
but I aui not persuaded by it. ft is true that neither of the documents explicitly refers to the 
positioning signals being provided concurrently with the survey signals, but I consider this 
to form part of at least the implicit teaching of each document, In the case of US 4376301 

it is clear thai an object of the apparatus and method defined therein is to determine the 
exact position of the seismic sensors (hydrophones) at die tunc the pressure WW (i.e, the 
survey signals) are detected, as mentioned at column 1 lines 25-30. In the light of this 
stated object of the invention, the skilled reader would understand that the disclosed method 
would be used in practice to determine the position of the hydrophones during die course of 
a seismic survey. Furthermore the skilled reader would readily appreciate that the high 
frequency positioning signals used in US 4376301 would enable these signals to be easily 
distinguished from the seismic survey signals using any suitable well known signal 
processing technique. Similarly I consider that die positioning signals in WO 84/03133 
would, in practice, be provided to the seismic sensors concurrently with the seismic survey 
signals so as to determine the positions of the hydrophones at die time the seismic data is 
acquired. Page 8 lines 10-15 makes clear ihaL die positioning signals are selected to be of a 
frequency and type 'which make them easily recognisable in the registration pictures from 
the hydrophones*. The skilled reader would understand this to mean that the hydrophones 
nre concurrently recording survey data and positioning data. Accordingly, I remain of the 
opinion that independent claims 1 and 19 lack novelty over the cited documents. 



I €fti A DTI SERVtCfa i 



NOU-28-2007 07:58 From: WESTERNGECO 



I'lHKKliKlJ hKK 



£816891977 



To: 915712730125 



P.49'52 
H. LJb 




Your reT : 
Application NO ! 



AMS.P52304GD 
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Date of report: 28 December 2005 
Page 2 I 2 



[Examination Report coatcLJ 
The Dependent Claims 

4. A number of the claims dependent on claims 1 and 19 also lack novelty or inventive 
step in the light of the two cited documents. The details of these objections are set out in 
my earlier examination report and I have therefore not repeated the objections here. 

Clarity, Conciseness, Support and Plurality (Section 14(5)) 

5. In view of the above comments regarding the teaching of the two cited documents, I 
am of the opinion that the comments in paragraphs 16 19 of my examination report of 8 
June 2005 remain valid. On amendment to address the above novelty objections you should 
ensure that the claims are concise, when read as a whole, and moreover that they relate to a 
single inventive concept. 

6. You do not appear to have provided an amendment or an observation to address the 
objection set out in paragraph 26 of my examination report of 8 June 2005, This issue will 
need to be satisfactorily addressed before the application may proceed to grant. 

7. The word * sensors* in the first line on page 18 (in claim 13) should presumably read 
'sensor'. You may wish to correct this Typographical error. 

8. Lines 12-15 state thai 'in ctxe embodiment' the received signals include contributions 
from the seismic signals and the positioning signals. This suggests that this is not the case 
for all embodiments. On amendment you should therefore ensure that the description does 
not refer or allude to embodiments which are outside the scope of the claims so as to ensure 
that no doubt is cast on the scope of your invention. 
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30 May 2006 



I have re-examined your application in response to your agent's letter of 28 February 2006 
and enclose two copies of my further examination report. 

By the above date you should either file amendments to meet the objections in the enclosed 
report or make observations on them. If you do not, the application may be refused. 



Yours faithfully 

Stephcnxranings 
Examiner 
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StepUeo Jennings 
01633 814986 
30 March 2000 



Patents Act 1977 

Examination Report under Section 18(3) 
Basis of the examination 

1- My examination Has taken account of the amendments filed with your agent's letter 
of 2H February 2006, 

Support (Section 14(5)(c)) 

2, The independent claims all require that a positioning signal is provided Co and 
received at die seismic senior, or sensors, r take this to mean dial the positioning signal 
must be an acoustic signal. Page 7 lines 9-11 still suggests that there are embodiments of 
the invention which use signals other than acoustic signals. This inconsistency between the 
claims and the description casts doubt on the scope of the invention and must be resolved by 
suitable amendment of the description before this application can proceed to grant 



An li*ecutive Agency uf Uie Di^artmcut uf Trade and Industry 



NOU-28-2007 08:06 Fr om : WESTERNGECO 



2816891977 



To : 915712730125 P.5'44 
Remote User 



LGoldsmith 

14.0223-GB, 20060627, Notification of Gr 
11/27/07 10:47 AM %1 3W 2o«t 




NOV-28-2007 08:06 From: WESTERNGECO 

Office 



2816891977 



To : 915712730125 




For Innovation 



RECEIVED 

2 8 JUN 2006 
MARKS AND CLERK 



P. 6'44 



WestemGeco Seismic Holdings Limited 

c/o Marks & Clerk 

4220 Nash Court 

Oxford Business Park South 

OXFORD 

OX4 2JR.U 



Your Reference: AMS.P52304GB 



The Pnteut Office 
I'attnts Directorate 

Concept House 
Cardiff Road 
Newport 

South Wales NP10 8QQ 
United Kingdom 

Direct line: 08459 5OOS05 
Switchboard; 01633 814000 
Fax: 01633 814827 

Minieom: 0845? 222250 
DX 722540/41 Cleppa Park 3 
http://www.patvnt.gov.ulc 



27 June 2006 
Dear Sir/Madam 



PATENTS ACT 1977: PATENTS RULES 1995 

NOTIFICATION OF GRANT: PATENT SERIAL NUMBER:GB239404S 

L I ana, pleased to tell you that your patent application number GB0223673.5 complies with the 
requirements of the Act and Rules, and that you are therefore granted a patent (for the purposes 
of Sections 1-23 of the Act) as from the date of this letter. 

2. Grant of the patent is expected to be announced in the Patents and Designs Journal on 26 July 
2006. In accordance with section 25(1 ), the patent will be treated for all later sections of the Act 
as having been granted and as taking effect on that date. The patent specification will be 
published on the same date, and you will receive the Certificate of Grant for your patent and a 
copy of the specification shortly afterwards. 

3. IMPORTANT - It is essential that you take note of the following information about annual 
renewal payments: 

(i) To keep your patent in force, you must pay the Patent Office an annual renewal 
fee accompanied by Patents Form 12/77 (which can be obtained from this 
Office). 

(ii) For most patents, the date on which the first renewal fee is due is determined 
as follows; calculate the fourth anniversary of the date of filing, and the last 
day of the month in which this anniversary falls is the date on which the first 
renewal fee is due. Subsequent renewal fees will be due, each year, on the 
same due date. If you wish, you can pay a renewal fee in the 3-month period 
before each due date. 
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(iii) In some cases, though, there are special arrangements for the payment of the 
first renewal fee on a patent If those special arrangements apply to your patent, 
you will be given further information when you receive the Certificate of Grant 
referred to in paragraph 2. 

(iv) If any renewal fee is not paid by the due date, a further six months is allowed 
in which to pay the fee. No additional fee is payable if payment is received by 
the Office during the first month after the due date, but payment received 
during the second to sixth months after the due date is subject to an additional 
fee, currently £24 per month or part of a month overdue. 

(v) An example: 

For a patent filed on 1 7 October 2002, the first renewal fee would be due for 
payment on 31 October 2006. The fee could be paid in advance fiom 1 August 
2006. Subsequent renewal fees would be due on 31 October annually. The 
first free month of the late payment period would end on 30 November 2006 
and if no payment was received by 30 April 2007 the patent would cease. 

4. If you would like further information about patent renewal fees, or if you would like us to 
send you a blank Patents Form 12/77, please telephone our Renewals Section on 01 633-814655, 

5. Copies of the specification of the granted patent will be placed on sale at the Sales Branch, The 
Patent Office, Cardiff Road, Newport, South Wales NP1 0 8QQ as from the date in paragraph 2 
above and for a limited period at the London Front Office, Hannsworth House, 1 3-15 Bouverie, 
Street, London, EC4Y 8DP. The copies supplied will have the suffix "B" after the serial number 
to distinguish the specification of Ihe granted patent from that of the published application. 
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RON MARCHANT 

COMPTROLLER GENERAL OF PATENTS, 
DESIGNS AND TRADE MARKS 
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generate distinguishable acoustic 
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to each acoustic receiver may be 
triangulated from the data generated. 
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SPECIFICATION 

Apparatus and Method for the Determination 
of the Location of a Submerged Marine 
Seismic Streamer 

B The present invention finds principal 
application within the field of marine seismic 
exploration, More particularly, the invention la 
concerned with means for accurately determining 
the position of a towed marine 9eismic streamer. 

1 0 In marine seismic prospecting, an exploration 
vgssoI tows a seismic streamer having a plurality 
of pressure sensitive detectors, commonly 
referred to as hydrophones. A source of seismic 
energy, such as an air gun or an explosive charge, 

1 5 is used to propagato pressure waves through the 
water into the underlying sea floor. Part of the 
anergy will bo reflected by subfloor geological 
discontinultioc and subsequently detected by the 
hydrophones as pressure variations in the 

20 surrounding water. The mechanical energy of 
these pressure variations Is transformed into en 
electrical signal by the hydrophones and 
transmitted through the streamer to recording 
apparatus aboard the vessel. The collected data 

25 may then be interpreted by those skilled In the art 
to reveal information about the subsea geological 
formations. 

For the signals to be meaningful, it is necessary 
to know the placement of the individual 

30 hydrophones at the time the pressure waves are 
detected. As the vessel is continuously moving 
and as the streamer may extend for thousands of 
feet behind the vessel, accurate location of the 
streamer hydrophones Is difficult. 

35 Various systems have been developed to 

provide accurate Information as to the location of 
the vessel. 

However, it is rare for the streamer to trail 
directly along the path of the vessel, While the 

40 streamer Is attached to the stern of the vessel, the 
bulk of the streamer Is submerged below the 
water surface through the action of depth 
controllers along the length of the streamer. As a 
results the cross-track current velocity at the 

45 streamer depth may differ from the cross-track 
current affecting the vessel, thereby causing the 
streamer to trail at an angle to the vessel's course. 
Other factors, which are not necessary to 
enumerate, may also create a variance in the path 

50 of the streamer when compared to the vessel 
track. 

One method of estimating the location of the 
streamer disclosed In the prior art relies upon the 
addition of a tall buoy radar reflector located at 

55 the end of the streamer. Qn-board radar systems 
may then be used under optimal sea conditions to 
find the end of the streamer and the location of 
the Individual hydrophones Interpolated. Such 
systems are generally unreliable however, and 

60 render the required data suspect. 

A second method taught by the art relies upon 
very sensitive and expensive apparatus to 
measure the yaw and pitch angles of the streamer 
end adjacent the vessel. These data, coupled with 



65 magnetic compass headings taken along the 
streamer and the known depth of the streamer, 
permit one to empirically calculate the 
hydrophone locations. 

It is an object of this Invention to provide an 

70 accurate, alternative means for locating the 
submerged streamer which overcomes the 
deficiencies of the prior art. 

The present Invention related to apparatus for 
use in determining the location of a submerged 

75 marine streamer towed behind an exploration 
vessel. The system comprises: means for initiating 
an acoustic command signal from the vessel; at 
least three transponders spatially located In 
known positions on the sea floor so as to provide 

80 distinct acoustic paths to the vessel end streamer, 
each of said transponders capable of responding 
to the command signal from the vessel by 
emitting acoustic pulses of distinctly different 
frequencies; a plurality of spaced receivers carried 

85 by the streamer capable of receiving the 
different acoustic pulses emitted by the 
transponders and individually relaying distinct 
signals along the streamer to the vessel 
responsive to said acoustic pulses; a vessel 

90 receivor capable of receiving and distinguishing the 
different acoustic pulses emitted from the 
transponders: and means for measuring the time 
interval from initiation of the command signal to 
receipt of the signals relayed from the spaced 

95 receivers housed by the streamer and the time 
Interval from initiation of the command signal to 
receipt of the pulses by the vessel receiver from 
the transponders. 

Preferably, the transponders are placed In a 
1 00 non-collnear relationahip and each streamer 

receiver is serviced by a separate channel housed 
in the streamer for relaying signals to the vessel. 
The receivers may be either active or passive, but 
are preferably passive to minimize weight and 
1 05 expense. The apparatus may further comprise 
means for measuring the vessel's velocity with 
respect to the array of transponders situated on 
the ocean floor. Said means for measuring the 
vessel's velocity may Include apparatus for 
1 1 0 measuring the Doppler shift in the frequency of 
the pulses generated by the transponders. 

For a better understanding of the invontlon and 
to show how the samo may bo carried into effect, 
reference will now be made, by way of example, . 
115 to the accompanying drawings, in which: — 

fig. 1 illustrates a transponder array shown in 
relationship to a surface exploration vessel towing 
a marine streamer; and 

Pig. 2 dlagrammatically Illustrates the effect of 
1 20 shipment movement on the acoustic path 
between vessel and transponder. 

The present Invention required the placement 
of a plurality of acoustic transponders on, or 
adjacent, the ocean bottom. Preferably, the 
1 25 transponders will be positioned on the see floor in 
noncolinear arrays of at least three transponders 
per array. Each transponder in a given triplet Is 
preferably placed at a sufficient distance apart to 
give adequate range to the ship and streamer 
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receivers In a given water depth. While the 
present invention is concerned with location of 
the vessel and streamer with respect to a given 
array arid not with rospoct to the actual 
5 geographical location, the latter relationship may 
be established from knowledge of the 
transponder placement. Well known methods are 
described In the art for determination of the 
transponder placement and calibration end are 

1 0 therefore not to be considered horo. 

Referring to Fig. 1 of the drawings, there is 
shown a slnglo array of three acoustic 
transponders, Indicated generally by reference 
numerals 10, 12 and 14, positioned on the sea 

1 5 floor 1 6. An exploration vessel 1 8 is shown on the 
surface towing a streamer 20. 

Transponders of the type required are 
commercially available and normally comprise a 
base plate 22, resting on the sea floor, and a 

20 cable 24 attached between the base plate 22 and 
the transponder body 26. A float 28 connected to 
the transponder body 26 by means of a cable 30 
maintains the transponder body 26 at an attitude 
above the see floor determined by the length of 

26 cable 24, Float 28 also provides a means of 
retrieval if cable 30 Is severed. 

Vessel 1 8 is equipped with an acoustic 
transceiver 32 for sending command or 
interrogation acoustic signals through the water 

30 to the transponders and, In turn, receiving 
responsive signals therefrom. Preferably, all 
transponders in the array will respond to a single 
frequency signal emitted by the vessel's 
transceiver, however, coded signals maybe 

35 generated to actuate the Individual transponders 
from the vessel. If desired. 

The marine streamer 20 Is submerged below 
the water surface by a plurality of conventional 
depth controllers (not shown) and will normally 

40 house hydrophones (not shown), and depth 
sensors (not shown) which may be Interrogated 
from the vessel for information. 

In addition, the streamer will also house a 
plurality of acoustic receivers 34 spaced along the 

46 length of the streamer. Receivers 34 ere capable 
of detecting the signals generated by the 
transponders and relaying Identifiable responses 
along the streamer to the vessel. Normally the 
streamer will have Individual channels leading 

50 from each receiver to the vessel for transmitting 
the Information. Although the receivers may be 
active, or powered, it Is preferred that the 
receivers be passive. 

To determine the location of receivers 34 and 

55 thus the streamer position, the vessel's acoustic 
transceiver 32 is triggered to send an acoustic 
command signal. Upon receipt of the signal, after 
the delay in transmission time through the water, 
eech transponder transmits an acoustic pulse of a 

60 distinguishable frequency, These pulses aro 
detected by transceiver 32 and by the acoustic 
receivers 34 housed In the streamer. For the sake 
of clarity, acoustic travel paths are only shown in 
Fig. 1 of the drawing as dashed lines for the 

65 vessel transceiver, transponders, and a 'Single 



receiver in the streamer. It should be understood, 
however, that similar paths could be drawn for 
each of tho receivers housed In the streamer. 
Arrows I,, l a and \ 9 represent the command pulse 

70 travelling along the dashed lines from the ship to 
the transponders, arrows R z , and R a represent 
the responsive pulses from the transponders to 
the vessel and arrows R' v R' 2 and R' a Indicate the 
pulse lines of travel to the receiver housed in the 

75 streamer. Since the spatial positions of the 
transponders on the sea floor and the speed of 
sound through the water are known, the receiver 
position may be triangulated from knowledge of 
the travel time for each pulse from their 

80 respective transponders. 

Suitable means aboard the vessel are provided 
to measure the time interval between the sending 
of the command signal and the receipt of the 
pulsos from the transponders and the receivers. 

85 In Fig. 2 of the drawings, there Is Illustrated a # 
single vessel moving along the water's surface at 
time T 0 and at a subsequent time T v As shown 
therein, the vessel's transceiver initiates a pulse at 
time T 0 which travels in a straight line along the 

90 indicated path to the transponder. Upon receipt of 
the signal at time T d the transponder transmits a 
pulse which ie detected by tho vossel transceiver 
at time T r From the figure It may be derived that 
the time, T d , is given by the formula: — 

<T,-T 0 ) v 

95 T d =T 0 + — <1 ) 

2 c 

wherein is the vessel's velocity with respect to 
the transponder and c is the propagation speed of 
the acoustic pulses. 
The 

"v 

100 — 



ratio may be determined in a number of ways. A 
preferred method, however, relies upon the 
measurement of the Doppler shift in the received 
frequency from the transponder. Naturally, In 

1 06 order to determine the velocity in this manner, the 
transponders must be capable of generating 
pulses of very stable frequencies and the vessel 
receiver must be capable of measuring the 
apparent change in the frequency. 

1 10 Tho ratio may also be calculated from the rate 
of change of range In the direction of the 
transponders and the vessel. This range rate may 
be determined readily from knowledge of the 
vessel's position and speed with respect to the 

115 transponders. 
The ratio 

"v 

o 

for normal ship speeds during seismic operations 
will usually be less than .002, since"? Is about 3 
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meters per second end c is about 1 ,500 meters 
per second. If the 

v 
c 

term is dropped then: — 

(L-To) 

6 Tfl =V__ 

2 

with an error of less 0.2%. An error of this 
magnitude mey be acceptable for the ocean 
depths encountered in oil industry for eome types 
of seismic operations. 

1 0 Knowledge of the time for the initiation of 
the pulses from the transponders and the 
measured time of pulse detection by the receivers 
in the streamer as transmitted to the vessol 
permits the calculation of the distance from each 

1 5 transponder to each receiver. These distances 
may then be triangulated to glvo the location of 
each receiver In a streamer in rest time by a 
shipboard computer or from the recorded data in 
post mission analysis. 

20 Claims 

1 . Apparatus for use In determining the 
location of a submerged marine seismic streamer 
as it is towed by a marine seismic exploration 
vessel, which comprises: — 

26 means for initiating an acoustic command 
signal from the vessel: 

at least throe transponders adapted to be 
spatially located In known positions on the sea 
floor so as to provide distinct acoustic paths to 

30 the vessel and streamer, each of said 

transponders being capable of responding to the 
command signal from the vessel by emitting 
acoustic pulses of distinctly different frequencies; 
e plurality of receivers adapted to be carried in 

35 spaced apart relationship by tho streamer and 
capable of receiving the different acoustic pulses 
emitted by the transponders and individually 
relaying distinct signals along the streamer to the 
vessel responsive to said pulses; 

40 a vessel receiver capable of receiving and 
distinguishing the different sonic pulses emitted 
from the transponders; and 

means for measuring the time interval from 
initiation of the command signal to receipt of the 

45 signals relayed from the spaced receivers along 
the streamer and the time interval from initiation 
of the command signal to receipt of the pulses 
from the transponders by the vessel receiver. 

2. Apparatus as claimed in Claim 1, wherein in 



60 use said transponders are In a non-collnear 
relationship. 

3. Apparatus as claimed in Claim 1 or 2, 
wherein said plurality of receivers is passive. 

4. Apparatus as claimed in Claim 1 , 2 or 3, 
55 wherein each of said plurality of receivers is 

adapted to be sotvloed by a separate channel in 
tho streamer for relaying signals to the vessel* 

5. Apparatus as claimed In Claim 1 , 2, 3 or 4, 
and further Comprising; 

60 means for measuring tho vossol's voloehy with 
respect to said transponders. 

6. Apparatus as claimed In Claim 6. wherein 
said means for measuring the vessel's velocity 
includes means for measuring the Doppler shift In 

65 the frequency of the pulses generated by the 
transponders. 

7. Apparatus for use in determining the 
location of a submerged marine seismic streamer 
as It Is towed by a marine seismic exploration 

70 vessol, substantially as hereinbefore described 
with reference to, and as shown In, the 
accompanying drawings. 

8. A method of determining the location of a 
submerged marine seismic streamer towed by a 

75 marine seismic exploration vessel, which 
comprises: — 

generating an acoustic command signal from 
the vessel; 

receiving said acoustic command signal by a 
80 plurality of at least three transponders spatially 
located tn known positions on the sea floor, which 
respond to the acoustic command signal by 
emitting aooustlo pulses of distinctly different 
frequencies; 

86 detecting the transponder acoustic response 
pulses with a plurality of spaced receivers carried 
by the streamer which relay distinct signals along 
the streamer to the vessel responsive to said 
pulses; 

90 receiving and distinguishing the transponder 

acoustic pulses at the vessel; and 

measuring the time Interval from generation of 

the acoustic command signal to receipt of the 

signals relayed from the spaced roooivors along 
96 the streamer and the time interval from 

generation of the command signal to receipt of 

the pulses at the vessel. 

9. A method according to Claim 8, and further 
comprising: — 

1 00 measuring the Doppler shift In the frequency of 
the pulses emitted by the transponders In order to 
determine the velocity of the vessel. 

1 0. A method of determining the location of a 
submerged marine seismic streamer towed by a 

1 05 marine seismic exploration vessel, substantially as 
herelnbcforo described with reference to tho 
accompanying drawings. 



Printed for Her Majesty's Stationery Office by the Courier Press, Leamington Spa, 1SS2. Published by the Paiom Office, 
20 Southampton Building* London. WC2A 1 AY, from which copies mey bo obtained. 



NOY-28-2007 08:16 From: WESTERNSECO S816891977 To : 915712730125 P. 5'51 

Remote User 



LGoldsmith 

W01 9840031 53(Al ).pdf 
11/27/07 11:02 AM'aap*^ 



To : 915712730125 



P. 6'51 



NQU-28-2007 08:16 From: WESTERNGECQ 2816891977 

per 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




(51) International Patent Clarification 3 : 
G01V 1/38 



Al 



(11) International Publication Number: WO 84/ 03153 

(43) International Publication Date: 16 August 1984 (1 6.08.84) 



(21) International Application Number; PCT/NO84/00007 

(22) International Filing Date: 1 February 1984 (01.02.84) 

(31) Priority Application Number: 830358 

(32) Priority Date: 2 February 1983 (02.02.83) 

(33) Priority Country: NO 

(71) Applicant (for all designated States except US); A/S 

KONOSBERG VAPBNFABRIKK. [NO/NO] : Kirke- 
gaardsveien, N-3600 Kongsberg (NO). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only) ; ULRICHSEN, Barre, 
B. [NO/NO]; Holmenkollveicn 33B. N-Oslo 3 (NO). 

(74) Agent: ONSAGERS PATENTKONTOR AS; Camilla 
Collctts vol 4, N-Oslo 2 (NO). 

(81) Designated States: AU, BR, DE, DE (European patent), 
PR (European patent), GB, GB (European patent), 
JP, NL, NL (European patent), SU, US. 



Published 

With international search report. 

In English translation (filed in Norwegtan). 



(54) Title: DEVICE IN A HYDROPHONE CABLE FOR MARINE SEISMIC SURVEYS 




(57) Abstract 

A device in a hydrophone cable Which in connection with seismic surveys is towed through the water behind a ves- 
sel, the hydrophone cable comprising means for detecting echo signals which are reflected from the sea bed and various 
layers therebclow. For the purpose of improving the determination of the position of the hydrophone cable which can 
have a length of approx. 3000 meters, a transmission system is suggested, which comprises transmission elements arranged 
outside the hydrophone cable Itself, the transmission elements serving to determine the position of the hydrophone cable 
in relation to the elements. In a simple embodiment of the device according to the invention the transmission elements are 
attached to or ore constituted by a separate towing line (4) having a relatively small diameter, the towing line being 
equipped with stretching means (5) for achieving a relatively straight run. In an alternative embodiment the transmission 
elements can be implemented as reflectors (9a-9n) for preferably electromagnetic waves, for example in the form of light 
gas-filled balloons which can be attached to the hydrophone cable via thin, light lines, so that the balloons can be towed at 
surface positionor fairly high above the water surface. "The transmission elements can also be included in a conventional 
radio and navigation system, possibly together with the system used by the towing vessel for its positioning, in addition to 
j.* — r .j nm A k»*...'n~ h«r m^nc nf rti« raHap *v.mem of the vessel. The transmission elements can also be 
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Device in a hydrophone cable for marine seismic surveys 

The present invention relates to a device in a hydrophone 
■ cable which is adapted for marine seismic surveys and is 

towed through the water behind a vessel , the cable comprising 
means for detecting echo signals from the sea bed and various 
layers therebelow. 

Such hydrophone cables which are used in connection 
with seismic methods for mapping possible hydrocarbon sources 
below the sea bed f can be approx. 3000 meters long and be 
towed at a depth of approx. 10 meters.- At a distance of approx. 
100 meters behind the vessel there are also towed so-called 
air guns, the air guns firing shots according to an appropriate 
programme „ The sound waves which are transmitted from the 
air guns, are reflected from the obstacles against which 
they may impinge below the water surface f as well as from 
the sea bed and various layers therebelow. The echo signals 
which return to the hydrophone cable, are detected by a series 
of hydrophones which are arranged along the cable, and which 
after a suitable conversion transfer the echo signals via 
the cable to an appropriate processing device on the towing 
vessel. 

The seismic methods can be carried out by firing lines 
• having a mutual distance of approx. 50 meters , and the inter- 
vals between the shots from the air guns correspond to a 
distance of approx. 25 meters, for thereby achieving a very 
fine net of squares . 

Aside from comprising means for detecting echo signals 
from the water bottom and various layers therebelow, the 
hydrophone cable also comprises a plurality of compasses 
which indicate the form of the cable during the towing 
operation, and which thus constitute reference points for 
the line to which a sweep operation is to be referred. However r 
such compasses suffer from some disadvantages, the direction 
indication of the compasses being apt to give significant 
errors , since the hydrophone cable has a substantial extension. 
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Besides/ the compass section of the cable is often signi- 
ficantly larger in diameter than the cable itself, and will 
therefore in itself be prone to generate noise. Further, 
the compasses necessitate a substantial number of surplus 
connections in the cable, which in itself is unfavourable- 
Further, the calibrating routine for the compasses is very 
sophisticated, and it is not unusual that several days are 
used for effecting the calibration and making all of the 
compass sections operable. In case magnet compasses are used, 
these may easily be disturbed by the magnetic fields occurring 
during the measuring work itself. 

In connection with such known magnet compass hydrophone 
cables no direct visual indication of the position of the 
cable exists other than an end buoy which is towed freely 
at an arbitrary position approx. 200-300 meters behind the 
terminal of the hydrophone cable. 

Other and more reliable and stable direction references 
than magnet compasses have been evaluated, for example gyro 
compasses, but these have not been in commercial use, since 
it is expected that they will constitute a means which makes 
the hydrophone cable more expensive. 

The object of the present invention is to arrive at 
a device in a hydrophone cable which with simpler and less 
expensive means can determine the position of the hydrophone 
cable, the detection of the hydrophone cable's position being 
of importance not only during the sailing of the measuring 
lines itself, but also during the turning programmes after 
a terminated line, in connection with which significant extra 
distances have to be sailed before a new line is entered 
for thereby ensuring that the cable has a shape as straight 
as possible* 

The object is achieved according to the invention in 
a device which is characterized in that it comprises a trans- 
mission system which is adapted to determine the position 
of the hydrophone cable, and which comprises transmission 
elements provided outside the hydrophone cable itself. 
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By using such a transmission system it is possible to 
achieve a less expensive and more direct measuring method, 
a fact which includes significantly reduced equipment expenses, 
especially compared to the type of compass sections used 
today. In a transmission system in which the transmission 
elements are provided outside the hydrophone cable itself , 
it is also possible to achieve a substantially greater 
operational safety. By means of the transmission system it 
is, aside from achieving better information about the position 
and shape of the hydrophone cable at any time, also possible 
to include the position signals in the manoeuvring operations 
of the vessel during the turning operation. Finally, the 
suggested transmission system can be made to co-operate with 
means serving to aligne the shape of the cable both during 
the line sweeping and the turning operations. 

The transmission elements which are included in the 
proposed transmission system can either be stationarily 
anchored, or they may be provided on bodies floating more 
or less freely in the water. In the latter case the bodies 
carrying the transmission elements can then be connected 
to a continuous connection means facilitating the collection 
of the bodies after a measuring period. 

Possibly, the transmission elements serving to transfer 
the position signals to or from the hydrophone cable can 
be provided on one or more bodies which are towed behind 
the vessel, the bodies being towed separately or in groups, 
and the bodies substantially being arranged along a straight 
line. 

In an alternative embodiment the bodies carrying the 
transmission elements can be affixed to or be constituted 
by a separate towing line having a relatively small diameter, 
» the towing line being provided with stretching means for 

achieving an approximately straight run. 

The towing line with the transmission element carrying 
bodies can then extend at least along the overall length 
of the hydrophone cable. 
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It is to be understood that the towing line itself can 
be adapted for transmission of substantially Ibngitudinal 
acoustic waves which are received by the hydrophone cable. 

It is also to be understood that the transmission elements 
can comprise means for receiving position signals which are 
transmitted from signal elements in the hydrophone cable. 

It is further to be understood that the transmission 
of position pulses can take place to or from the vessel r 
for example via radio or radar, and it is thereby achieved 
an electromagnetic positioning system which works independently 
of the seismic hydrophone system. The transmission elements 
indicating the position of the cable can for example be con- 
stituted by for example reflectors which are attached to 
the towing line, or with a suitable spacing are attached 
to the hydrophone cable and glide thereabove in or close 
to the surface by means of appropriate buoyancy means. 

The position of the reflectors can .then be determined 
by means of antennas mounted for example on the vessel itself 
or on paravans towed at a distance from the vessel. 

Possibly the position. of the reflectors can be determined 
by a system gliding above the hydrophone cable, for example 
wire controlled from the vessel. 

The above described embodiments for determining the 
position of the hydrophone cable can in a simple manner be 
adapted to an adaptive regulating system for manoeuvring 
both the vessel and the hydrophone cable for thereby achieving 
a most favourable overall position at any time for covering 
the measuring area and complete measuring accuracy. 

The signals from the transmission system can suitably 
be used for influencing the manoeuvring of the vessel and/or 
influencing a means on the vessel which can move relative 
thereto, or influencing means which are provided along the 
hydrophone cable and in this way aligne the position of the 
cable relative to the vessel. 

If the means influencing the hydrophone cable are to 
constitute an as little a noise source as possible for the 
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hydrophone system, these means may appropriately be influenced 
during time intervals in which the hydrophone cable is close 
to inactive as regards the detection of echo signals. 

The invention will in the following be further described, 
reference being had to the drawing, which in diagrammatical 
form illustrates various embodiments of the present invention. 

Figure 1 illustrates diagrammatically a plurality of 
embodiments of the device according to the present invention. 

Figure 2 is similarly a sketch illustrating further 
embodiments of the device according to the present invention. 

Figure 3 illustrates diagrammatically further embodiments 
of the device according to the present invention. 

Figure 4 is a sketch illustrating further embodiments 
of the present invention. 

Figure 5 is a sketch illustrating how the hydrophone 
cable can be influenced in co-operation with the present 
device. 

Referring to Figure 1, a vessel which is designated 
by 1, moves along the surface of a larger body of water for 
surveying the bottom of the body of water and areas there- 
below, the vessel 1 towing a hydrophone cable 2 which can 
have an overall extension of for example 3000 meters. The 
towing of the cable 2 takes place preferably at a depth of 
10 meters, and an even depth is sought maintained by means 
of for example active fins controlling the height direction 
of the cable, the specific weight of the cable being adjustable 
on the one hand by means of the paraffin type which is used 
for filling the cable, and on the other hand by ballast, 
for example in the form of lead plates arranged therearound. 

After the vessel there are also towed a couple of air 
guns 3a, 3b, said guns being adapted for firing in accordance 
i with a predetermined programme for the transmission of sound 

waves, which are scattered towards the sea bed and are re- 
flected therefrom and from various geological layers there- 
below. The reflected sound waves or echo signals are received 
by the hydrophones which are mounted in the hydrophone cable 
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2, and the signals from the hydrophones are passed through 
the hydrophone cable to a combined storage and 'computing 
machine on the vessel for further processing to appropriate 
values giving a picture of the sea bed and the formations 
thereof. 

In order to achieve an as accurate result as possible 
it is of greates importance to know where the various hydro- 
phone positions of the hydrophone cables 2 are relative to 
the vessel and the air gun groups 3a , 3b which are found 
for example approx. 100 meters after the vessel 1. This 
accuracy is especially of great importance in the cases where- 
in the lines over which the hydrophone cable 2 is to be passed/ 
are arranged as close as SO meters , and wherein the air guns 
are fired at 2S meters intervals while undertaking a so-called 
three-dimensional seismic survey, 

in Figure 1 there is as a first embodiment of a trans- 
mission system for supervising the position of the hydrophone 
cable 2 depicted a relatively thin steel wire 4 which pre- 
ferably has a somewhat longer extension than the hydrophone 
cable 2 itself. Appropriately, the steel wire 4 can be equipped 
with a braking plate S or a suitable form of a controlled 
braking device serving to keep the wire in an as straight 
as possible shape during the towing operation. 

In a first utilization of the thin steel wire 4 this 
may constitute a carrier means for substantially longitudinal 
mechanical sound waves which are generated at the attachment 
points at the vessel 1 , the acoustic waves or pulses which 
follow the wire 4 being registered by the hydrophones in 
the hydrophone cable 2, since the distance between the wire 
and the hydrophone cable in the utmost case usually runs 
to approx. 100 meters. 

Possibly the braking device or the plate 5 at the free 
end of the wire 4 can be controlled in such a way that it 
not necessarily finds itself in an extension of the centre 
line of the ship, but can be swung out in the proximity of 
the microphone cable , so that the signal communication between 
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the wire 4 and the hydrophone cable 2 is amplified „ Since 
the wire 4 is relatively thin and is kept undef tension, 
the drift of the wire can be made very small/ but it should 
in connection with the use of acoustic transmission signals 
be towed in a position below the water surface , so that signal 
communication with the microphone cable is made as favourable 
as possible, while at the same time reducing wave noise. 
The distance between the wire 4 and the cable 2 should be 
adjusted so that no interference occurs between the means 
being included in the present transmission system and the 
hydrophone cable. 

As an alternative to the transmission of mechanical 
pulses along the wire 4 there might thereon be mounted small 
signal generators 6 which preferably can be initiated from 
the vessel, for example in those periods wherein the echo 
sound waves from the bottom are on a relatively inactive 
level, so that the distance between, the signal generators 
6 on the wire 4 and the corresponding hydrophones on the 
hydrophone cable 2 can be detected. 

It is to be understood that the acoustic signal generators 
can also be arranged in the hydrophone cable at the same 
time as signals therefrom are registered in suitable receivers 
in elements provided on the wire 4. However, it might be 
appropriate to utilize existing hydrophone groups in the 
hydrophone cable 2, a fact which includes an advantage in 
connection with signal sources in systems outside the hydro- 
phone cable 2. 

Still another embodiment of the device comprising a 
transmission system which is adapted for determining the 
position of the hydrophone cable and which comprises trans- 
mission elements provided outside the hydrophone cable 2 
* itself, is illustrated in Figure 1 and takes the form of 

transponders 7a , 7b f which are towed on paravans located 
approx. 200-300 meters behind the ship and defining an angle 
of approx. 45°, The signals from the transponders 7a f 7b 
will at suitable intervals be picKed up by the hydrophones 
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in the hydrophone cable 2 and the relative strength and the 
shape of the signals received by the hydrophone cable 2, 
will give a picture of the shape and the position of the 
cable relative to the towing vessel i . The length of the 
paravan lines mast here be adjusted so as to achieve a best 
possible signal/noise ratio, since longer paravan lines 
can give a shorter signal path to the hydrophones in the 
hydrophone cable , but bring the sources of noise closer 
thereto. 

It is to be understood that the above discussed embodi- 
ments of a transmission system in which the transmission 
elements are provided outside the hydrophone cable itself, 
is to be operated with signal frequencies and types thereof 
which make them easily recognizable in the registration 
pictures from the hydrophones. 

In Figure 2 there is illustrated an alternative embodiment 
of a device according to the present invention. As previously , 

1 designates a vessel which behind itself tows a hydrophone 
cable 2, The signal communication to the hydrophone cable 

2 is here suggested implemented by means of freely floating 
buoys 8a-8n, which aside from being equipped with hydro- 
acoustic transponders, are also equipped with radar reflectors. 
The buoys are dropped from the vessel when this passes the 
area to be investigated, and the buoys will of course drift 
off by stream, wind and waves, but they will not give rise 

to noise. The transponders in the floating buoys can be adapted 
for transmission of hydroacoustic signals during given periods 
of times, preferably during period of times in which the 
registration of the echo signals is not critical. 

If buoys are dropped at a distance of approx. 500 meters, 
a number of twenty buoys could cover a sailing line of approx, 
10 km in a seismic surveying net. 

The buoys can preferably be connected by means of a 
rope 8' which appropriately can slide through an eye in the 
stem of the bouy until the hydrophone cable has passed by. 
Thereafter the buoys can be collected in a group and be hauled 
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in during the turning operation for another seismic line. 
In this period of turning the signal means in the buoys can 
possibly be reenergized if required. 

It is to be understood that a corresponding system can 
comprise transponders which instead of floating on the surface 
of the water are dropped to the sea bed to known bottom 
positions for therefrom transmitting signals to the hydrophone 
cable. After use the transponders can be collected by means 
of a line and be brought to the towing vessel* 

Still another variant of the transmission system according 
to the present invention is illustrated in Figure 3, in 
which reflectors for example in the form of light gass-filled 
balloons 9a-9n are attached to the hydrophone cable 2 which 
also in this case is towed behind a vessel 1 . The balloons 
9a-9n are attached to the hydrophone cable 2 by means of 
thin, light lines f so that the balloons can be towed at surface 
positions or at a fair height above the water surface, if 
required. 

Such a system including floating or gliding balloons 
can be made very economically and can be contemplated used 
as a supplemental system to another transmission and measuring 
system. By means of the radar equipment on the vessel the 
position of the various balloon reflectors can be detected, 
and the detected echo signals from the reflectors will form 
a picture of the shape and position of the cable behind the 
towing vessel 1 . 

For further improving the detection of the floating 
reflectors radar antennas 10a, 10b can be arranged on towed 
paravans, as this appears from Figure 4. As previously/ 9a- 
9n designate the floating reflecting elements which glide 
above the hydrophone cable 2, which on the other hand is 
% towed by the vessel 1. 

Possibly, the radar antenna can be arranged gliding 
in the air above the vessel 1 , as this appears from Figure 
3, the radar antenna here being attached to a gliding drone 
1 1 which is located at a suitable distance and height behind 
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the vessel 1 towing the hydrophone cable 2. The drone 11 
can suitably be controlled from the vessel 1. Further, it 
is to be understood that the reflector elements can co-operate 
with means forming a basis line established outside the vessel 
for thereby avoiding the uncertainty in the angular determi- 
nation from a vessel in moving sea. 

The determination of the position of the buoys or reflec- 
tors can also be carried out by means of for example con- 
ventional radio and navigation systems, possibly by the system 
used by the ship itself for the positioning thereof. These 
systems can be used in addition to the distance and angular 
determination of the buoys by means of the radar system of 
the ship. 

On the basis of the information obtained by the above 
discussed embodiments as regards the position and shape of 
the hydrophone cable it is possible by suitable means to 
let the hydrophone cable be included in an adaptive control 
system which manoeuvres the cable in such a way that this 
will be positioned as favourably as possible in relation 
to the reference line from which data is wanted in the sailing 
programme . 

via mathematical modelling of the hydrophone cable the 
vessel can be steered automatically in relation thereto, 
since this steering is also based on an adaptive control 
system. Such systems render dynamic compensation for wind, 
current and sea, as well as for the influences to which the 
vessel and the hydrophone cable ohterwise are subjected. 
Contrary to steering the vessel substantially along straight 
heading lines it is possible by co-operating the shape of 
the hydrophone cable and the heading of the vessel to obtain 
a most favourable shape and position of the hydrophone cable 
relative to the desired surveying line in the sailing pro- 
gramme , 

When a survey line has been shot the vessel must be 
turned so that the hydrophone cable can enter another surveying 
line. This turning process is very time consuming, since 
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the turning must be carried out in such a way that the cable 
must be sufficiently straight before starting a new line. 
By means of mathematical modelling and adaptive regulation 
technique based on the signals provided by means of the above 
discussed transmission system, such a turning programme can 
be put in as a completely controlled programme- In other 
words f the vessel can then be steered along a track which 
is as short as possible and renders an optimum shape of the 
cable prior to the commencement of another line. It is to 
be understood that the changing from one line to another 
not necessarily relates to two adjacent lines but lines which 
are located in various parts of the area in which the seismic 
surveys are to be carried out, 

in Figure 5 there are diagrammatically illustrated embodi- 
ments wherein the vessel 1 towing the hydrophone cable 2 
therebeind/ is equipped with a suspension 12 which is adapted 
to influence the cable 2 for thereby either cancelling or 
resisting the deflections which at any time can occur during 
the towing operation. Possibly, the hydrophone cable 2 can 
be equipped with actuators, for example in the form of a 
steerable end rudder 13 or steerable fins provided in the 
longitudinal direction of the cable* 

However , the use of steerable fins can pave the way 
for undesired acoustic noise, since in connection with seismic 
reflections one operates with signal levels in the magnitude 
range of + 5 microbar. 

However, the steering fins or the actuators can be in- 
serted in such a way that they are active during given time 
intervals between the shots from the air guns, in which the 
accuracy, as regards the measuring technique, is of less 
importance. In other words, the control o£ the fins or the 
actuators will be excluded in the periods in which the feeble 
reflexes from the deep formations below the seabed are re- 
ceived, since during these periods of time a strongest possible 
reduction of all possible sources of noise is desired for 
the achievement of a most favourable signal/noise ratio. 
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If the cable prior to the commencement of a lkie sailing 
is sufficiently aligned, short intervals of influence of 
some seconds' duration can be sufficient for the cable to 
maintain an approximately straight shape. The fins or actu- 
f ators should then be kept in a neutral noise-reduced position 
during the periods in which the seismic signals from the 
air guns are received. 

As regards the rudder device 13 illustrated in Figure 
5, such a towed steering device which either is located at 
or below the surface of the water, can be at a substantial 
distance from the hydrophone cable 2 for thereby constituting 
a noise source with minimum influence. The controlled rudder 
device 13 can suitably be equipped with a transmission element 
for determining the free end point of the cable in relation 
to a reference point on the vessel. Possibly, the controlled 
rudder device can comprise or constitute stretching means 
for the towing line. 

It is to be understood that the above discussed trans- 
mission elements can be adapted for side detection, i.e. 
detection of the side at which the elements are, in relation 
to the hydrophone cable. Further, the system can be adapted 
so as to detect whether certain reference elements are 
approaching or moving towards and apart from each other, 
respectively. 
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Patent Claims 

1, Device in a hydrophone cable (2) which is adapted for 
marine seismic surveys and is towed through the water behind 
a vessel ( 1 ) and comprises means for detecting echo signals 
which are reflected from the sea bottom and various layers 
therebelow, characterized in that the 
device comprises one or more supporting bodies which are 
provided outside or at a distinct distance from the hydrophone 
cable itself and from the sea bed, and that the supporting 
bodies comprise transmission elements which are included 

in a reference system for determining the position of the 
hydrophone cable. 

2. Device as claimed in claim 1, characterized 
i n that the transmission elements which are included in 
the reference system and which serve to transfer positioning 
signals to or from the hydrophone cable (2) f are arranged 
stationary ashore. 

♦ 

3. Device as claimed in claim 1 , characterized 
b y transmission elements arranged on supporting bodies 
(8a-8n) floating approximately freely in the water - 

4, Device as claimed in claim 1 or 3, characte- 
rized in that the bodies (8a-8n) supporting the 
transmission elements are connected to a continuous connection 
means (8 4 ) which facilitates the gathering of the bodies 
(8a-8n) after a measuring period, and which aids in aligning 
the transmission elements towards a straight line. 

* 5. Device as claimed in claim 1, characterized 

i n that the transmission elements are arranged on one 
or more bodies (6) which are towed behind the vessel (1), 
the bodies (6) being towed separately or in groups arranged 
substantially on a straight line. 
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6. Device as claimed in claim 1 or 5, characte- 
rized in that the bodies supporting the transmission 
elements are attached to or are constituted by a separate 
towing line (4) having a relatively small diameter , the towing 
line (4) being equipped with possibly controllable stretching 
means (5) for achieving an approximately straight run. 

7. Device as claimed in claim 5 or 6, characte- 
rized in that the towing line (4) with the trans* 
mission element supporting bodies (6) extend along at least 
the overall length of the hydrophone cable (2). 

8. . Device as claimed in claim 7, characterized 
i n that the towing line (4) itself is adapted for trans- 
mitting longitudinal acoustic waves which are picked up by 
the hydrophone cable (2). 

9. Device as claimed in any of the claims 5-7 , 
characterized in that the transmission 
elements comprise means for receiving positioning signals 
transmitted from signalling elements in the hydrophone cable. 

10. Device as claimed in any of the claims 1-7 or 9, 
characterized in that the transmission 
elements are adapted for co-operating with radio and navigation 
systems or the system which the ship itself utilizes for v 

the positioning thereof, possibly in addition to distance 
and direction determination by means of the radar of the 
ship. 

11. Device as claimed in any of the claims 5-7 or 10, 
Characterized in that the line formation 
of the transmission elements is determined by position de- 
tection of a point, for example an end point, in relation 

to the position of the vessel or with reference to a navigation 
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system/ the line (4) which connects the transmission elements, 
possibly comprising controlled manoeuvring means (5) serving 
to bring the line (4) in a favourable position relative to 
the hydrophone cable ( 2 ) . 

12. Device as claimed in claim 1 or 5, characte- 
rized in that the transmission elements are supported 
by or are constituted by floating or gliding supporting bodies 
or reflectors, for example gass-filled reflector elements 
(9a-9n) which are attached to the hydrophone cable (2) and 
are towed thereby at or above the water surface. 

13. Device as claimed in claim 10 or 12, characte- 
rized in that the reflector elements (9a-9n) co- 
operate with antennas (10a- 10b) which are located in the 
proximity of the vessel (1) f for example on paravans which 
are towed at a distance from the vessel or mounted station- 
arily relative to the vessel. 

14. Device as claimed in claim 12 or 13, characte- 
rized in that the reflector elements (9a-9n) are 
adapted to co-operate with a detection system (11) gliding 
above the hydrophone cable (2) and for example being controlled 
from the vessel ( 1 ) . 

15. Device as claimed in any of the claims 1-14, 
characterized in that the transmission 
elements are adapted for co-operating with an adaptive regu- 
lation system for manoeuvring the vessel and/or the hydrophone 
cable. 

16. Device as claimed in claim 15, characterized 
i n that the hydrophone cable (2) comprises actuator means 
(12) for optimum manoeuvring of the cable (2) in relation 

to the vessel (1), the actuator means (12) being arranged 
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on the vessel for influencing the hydrophone cable at its 
attachment point to the vessel. 

17. Device as claimed in claim 16, characterized 
i n that the hydrophone cable comprises means for controlled 
movement of the hydrophone cable in relation to the vessel, 

the control means being actuated substantially in intervals 
in which the hydrophone cable receives echo signals which 
are not critical. 

18. Device as claimed in claim 15, characterized 
i n that the hydrophone cable (2) is equipped with a con- 
trollable means (13) at its free towing end, the controllable 
means (13) possibly comprising a transmission element for 
position settlement of the end point of the hydrophone cable 
and possibly also at the same time comprising or constituting 
stretching means for towing lines. 
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une plurality d*emetieur9 acouatiques qui sont repartis sur le 
c£ble et qui 6mettentchacun un signal acoustlque Identifia- 
ble, ceractSrise en ce qu'il comporte un reaeau flotrant d'au 
molns trois unites da reception acoustlque, des moyens 
pour connaitre la position desdites unites de reception par 
rapport au bateau, alnsl que des moyens pour transmettre 
a une unite de traitement des temps correspondant d la re- 
ception lesdites unites de reception des slgnaux acousti- 
ques emis par les cmctteurs portes par le cSbie. Tunite de 

traitement comportant des moyens pour caieuler, a partir de 
ces temp9 et des positions desdites unites de reception, la 
position desdits Smetteurs et done la tralectolre du c&bie au 
fur et & mesure que celul-cl est deroute a partir du bateau. 
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La prSsente invention est relative aux techniques 
de miee en place de cables sismiques sur les fonds 
marins . 

Plus particuli£rement , un but de 1* invention eat 
de proposer une technique permettant de positionner des 
cables sismiques en eaux profondes, par exemple avec una 
precision interieure a 10 metres sous 1000 metres de 
profondeur. 

On connait dejk des dispositifs permettant de 
conna£tre avec precision la position de cables sismiques 
sur des fonds marins en eaux peu profondes, e'est a dire 
d'une profondeur de l'ordre de 100 m ou inferieure 
("shallow water" selon la terminologie Anglo-saxonne 
gSneralement utilisSe) . 
15 Notamment, il a deja ete propos6 d'equiper les 

cables sismiques de transpondeurs qui sont interxoges S 
partir d'un bateau source et qui emettent, lorsqu'ils 
sont interregna un signal qui est re<?u par des moyens de 
reception auxiliaires. Ces moyens de reception sont 
deplaces a la surface de 1 ' eau et des moyens de calcul 
d£terminent, en temps diff£r6, la position des 
transpondeurs et done du cable, a partir du signal rc<?u 
par lesdits moyens de reception en trois positions 
diff6rcntes de ceux-ci. 
25 Une telle technique ne peut Stre utilisee en eaux 

profondes. Notamment, pour des questions dc couts, il 
n'est alors pas envisageable de redeployer un cable 
lorcquc 1'on s»aperc?oiL qu'il n'est pas convenablement 
positionne, 

30 L r invention propose quant a elle une technique 

qui permet le suivi en temps reel de la misc> en place 
d'un c£ble sismiqiiR sur un fond marin ah eau profonde. 

La solution selun 1' invention consiste cn 
1 * utilisation d'un systeme pour le suivi de la mise en 

3 5 place d'un cable sismiquc* sur un fond marin 3 partir d'un 
bateau, compoiLant une pluralite d'emetteurs ncoustiques 
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qui sont repartis 6ur le cable et qui emettent chacun un 
signal acoustique identifiable, caracterise en cc qu'il 
comporte un reseau flottant d'au moins trois unites de 
reception acoustique, lc bateau etant avantageusement 
l'une de ces unites, dcs moyens pour connattre la 
position desdites unites de reception par rapport au 
bateau, ainsi que des moyens pour transmettre a une unite 
de traitement des temps correspondant a la reception par 
lesdites unites de reception, de6 signaux acoustiques 
emis par les emetteurs portes par le cable, 1' unite de 
traitement comportanr. des moyens pour calculer, a partir 
de ces temps et des positions desdites unites de 
reception, la position desdits Emetteurs et done la 
trajectoire du cSble au fur et a mesure que celui-ci est 
IS deroule § partir du bateau. 

Ce systems est avantageusement complete par les 
differentes caracterist iques suivantes prises seules ou 
selon toutes leurs combinaisons techniquement possibles ; 

- les emetteurs acoucc iques sont des transpondeurs 
qui 6mcttcnt un signal acoustique a reception d'un 
signal acoustique d 1 interrogation ct la position 
desdits transpondeurs est determinee en fonction des 
temps entre 1 • Emission des signaux d* interrogation et 
la reception a la surface de l'eau des signaux dc 

2 5 reponse des transpondeurs ; 

des moyens de transmission entre 1' unite de 
traitement et les unites de reception cornportent des 
moyens de communication hertzienne ; 

- les moyens de transmission sont bidirect-.ionnels et 
30 en ce que aimultanernent d la commande de L 1 Emission 

d'un signai d 1 interrogation p*r l'unit<$ de 
traitement, ladite unit* transmet aux differentes 
unites de reception un signal de synchronisation qui 
decleiiche des compteurs destines i pcrmettre la 
35 mesure des temps auxquels les differents signaux de 

reponse des transpondeurs conn re<?us / 
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- des moyens pour connalcre la position desdites 
unites de reception par rapport au bateau comportent 
das moyens de localisation radiosatellitaire ; 

- lesdits moyens de localisation radiosatellitaire 
b mettent en oeuvre une localisation de type 

cinSmatique relative ; 

- les unites de reception sont au nombre de quatre 
ou cinq ; il peut bien entendu Stre sup£rieur si l'on 
souhaite un taux de redondance plus important ; 

1( 3 - le systfime comporte des moyens pour modifier 

l'ecartometrie entre les unites de reception, de 
faqron a optimizer leurs positions relatives ; 

- le cSble comporte en outre des capteurs de 
pression disposes a proximite des emetteurs 

15 acoustiques et pcrmettant une estimation de la 

profondour a laquelle lesdits 4metteurs se trouvent ; 

- l*unit£ de traitement calcule en fonction de cette 
position une prediction sur les points d' impact du 
cSble sur le fond marin, ainsi que les corrections a 

20 apporter d la trajectoire du navirc pour optimiscr la 

descente du cSble. 

D'autres caracteristiques et avantages de 
1' invention ressortironr. de la description qui. suit. 
Cette description est purement illustrative et non 
25 limitative. Elle doiu etre mise on regard de la figure 
unique annexee sur laquelle on a re presente 
schematiquement un exemple de mise en oeuvre possible de 
1 ' invent ion , 

Le systeme qui est illustre sur la figure 
comporte un bateau maitre, reference par V, a partir 
duquel un cable sismigue C, init ialement monte sur un 
enbestan, est deroule pour Stre deploye our le fond 
mar in. La longueur du cable sismique C eat par exemple de 
plusieurs kilometres . 

Ce cSble sismique C comporte, outre des capteurs 
et/ou des sources d 'emission sismigue, une pluralite dc 
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transpondeurs acoustiques p (appeles "pinger" selon la 
terminologies anglo-saxonne couramment employee par 
l'Homme du Metier) qui sont repartis sur toute 3a 
longueur. La distance qui sSpare deux transpondeurs P 
5 successifs dans la longueur du cable est par exemple de 
300 m, 

Ces transpondeurs p sont destines a Stre 
interroges par un signal acoustiquc d'une frequence 
donnee emis par des moyens d 1 emission acoustique que 
10 porte le bateau maitre V. 

A la reception de ce signal d' interrogation, les 
transpondeurs emettent eux-memes un signal acoustique 
d'une autre frequence, qui est destine a etre detects par 
une plurality d' unites de reception reparties a la 
IS surface de 1'eau. Ces unites de reception sont au nombre 
d*au moins trois et sont de preference au nombre de 
quaere ou cinq, ce qui permet de disposer d' informations 
redondantes ct done de mettre en oeuvre un traitement de 
contrdle sur les determinations realises a partir de cos 
20 informations, Ces unites de reception sont par exemple 
porteea 1 1 une par le bateau malLre V, les autres par des 
bou6es ou des bateaux auxiliaires references par Q, B et 
T sur la figure. 

Les unites de reception sur les bouses ou bateaux 
25 auxiliaires Q, B et T sont dites "passives" par 
opposition a celle montee sur le bateau maltre r, qui est 
associee a des moyens d* emission. 

A reception des signaux acoustiques, les unites 
porr.ees par les bouees ou bateaux auxiliaires Q, B, T 
transmettent par voie hertzienne au bateau maltre V les 
temps auxquels les signaux de reponse des different© 
transpondeurs P sont regus. 

Riles transmettent egalftm^nt au bateau maltre V 
leurs donn6es de positionncmcnt de surface. 

A cet effet, le bateau maltre V, ainsi que les 
bou6cs ou bateaux auxiliaires Q, Bet T pr£sentent par 
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exemple dee moyens de localisation GPS qui permettent de 
connaitre leur position en temps r3el . 

La transmission cntrc lea bouses ou bateaux 
auxiliaires Q, B, T et le bateau maitrc V se fait par 
5 exemple en mode TDMA. 

Ces differences informations (temps *uxquels les 
rSponses des differents transpondeurs P sont revues par 
les unites de reception - coordonnees des bou4ee ou 
bateaux auxiliaires Q, B, T, ainei que du bateau maJtre 

10 V) sont centralis6es dans une unite de traitement qui 
calcule en temps reel, k partir de ces donnees, la 
position des transpondeurs P et done celle du cable C au 
fur ec a mesure qu'il se deroule avant de se mottre en 
place sur le sol mar in. 

15 On notera figaJement que le cable C peufc 

avantageusement comporter, & proximity immediate des 
transpondeurs P, des capteurs de pression permettant de 
disposer en outre d'une estimation des profondeurs 
auxquelles se trouvent les transpondeurs P. 

20 L 1 unite de traitement utilise cette information 

pour corroborer les positions calculees k partir des 
donnees transmises par les diCffirentes unites de 
reception . 

L f unite de traitement integre un logiciel qui 
25 calcule en fonction de cette position less points d' impact 
theoxiques da cable am le fond marin, ainsi que Tea 
corrections a apporter a la trajectoirn. du navire pour 
optimiser la descente du cable C, de fa?on a minimiser 
l'ecart entre la trace au sol pr^dite fet la position 
30 opLimale lecherchee, 

Cornme on l'aura compris, le bateau maitre V et 
les bouees ou bateaux auxiliaires Q, B et T et les moyens 
de detection C5PS qu'ils portent constituent un reseau de 
surface trfis pr6cis, par rapport auquel les transpondeurs 
15 sont pofii tionn£r . 
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Les techniques OPS utilisees mettent 
avantageusement en oeuvre des techniques dc cinematique 
relative (KRGPS selon la terminologie utilised par 
l'Honune du Metier), lesquellee techniques permettent de 
connaitre avec une precision subdecimetrique la position 
relative de deux mobiles evoluant independamment a moins 
de 10 Km l'un de 1' autre. 

Bien entendu, d'autres syst&mes de localisation 
sacellxtaire que le GPS pourratent etre envisages. 

L'ecartometrie entre les unites de reception est 
variable du fair, du milieu mariii. Avantageusement, le 
systeme comporte des moyens permettant de commander le 
displacement des bouees et navires auxiliaires, rie facon a 
modifier l'ecartometrie et a optimiser lc critere de 
15 "precision a priori" recherch^e sur 1'objet immerge 
("PDOP" selon la terminologie anglo-saxonne ) . 

L' interrogation des transpondeurs P par les 
moyens d' emission acoustiques que portent le bateau 
maitre V est commandee par 1 'unite de traitement, par 
20 exemple toutes les deux secondes. 

La liaison hertzienne entre le bateau maitre V et 
les bouees ou navires auxiliaires B, T, q est 
bidirectionnelle : simulcanSment a 1« commande de 
1' emission d'un signal d 1 interrogation par 1' unite de 
25 traitement, ladite unite transmet aux diff ^rentes unites 
de reception - par voie hertzienne pour cellcs qui sont 
portccs par les bouees ou navires auxiliaires B, T, Q, ou 
par une liaison interne pour 1 'unite de reception qui esc 
portee par le bateau ma£r.r« - U n signal de 
synchronisation qui declenche les compteurs destines a 
permettre la mesure des temps auxqucls les difference 
signaux de r§ponse des transpondeurs P sont recus. 

La synchronisation obtenue entre les unit6s de 
traitement et les unices de reception est d'une precision 
35 inCerieurc a 150 us, ce qui induit un bruit de l'ordre 
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decimetrique cur une distance acoustique. Pour des 
mesures exigeant une pr6cision ultime, ou r6duit ce bruit 
d'un facteur 10 en combinant le signal logique de la TDMA 
au signal 1PPS issu du capteur GPS . 
S La resolution sur les temps auxquels leg 

different a signaux de reponse des transpondeurs P sont 
rectus est infgrieure a 250 ns . 

La determination des positions des tranepondcurs 
P est faite en prenant en compte, pour chacun d'eux, les 
10 lignes dc positions issues des temps de propagation 
meeures a chaque point du reseau. Par exemple, l'unit6 de 
traitement met en oeuvre des tests de convergence 
(technique des moindres carres sur plusieurs 
acquisitions) , 

15 Avantageusement 6galement, les determinations des 

positions acoustiques sont faitcs au moyen d'un 
traitement differential par rapport t un trajet 
acoustique aller-retour entre un point (fixe ou mobile) 
en surface ct un point fixe au fond de l'eau, 

20 parfaitement topographic. Ceci permet, a chaque 
interrogation, de deduire la c<S16rite instantan6c du son 
- que l'on suppose localement (plus ou moins lKm) et & 
court terme (plus ou moins to secondes) homog&ne - et sur 
le moyen terme de deduire le bruit lie aux variations de 

2b la celeritS. 

Lee Lranspondeurs p sont par exemplc charges et 
codSs lors du passage dc la portion de cable qui les 
porte devant une porte ma<jnetiquc en sortie du cabestan. 

La position en temps reel du cable est par 
30 nxcmple rescituee de fa<?on graphique en Crois dimensions 
sur un 6cran de sortie , dc fa<jon 3 permet tre £ un 
operateur de visualiscr en temps reel la descend du 
cfible par rapport au fond marxn et a 1 • emplacement 
thSorique souhaite pour celui ci. 
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RgVEND x SAIIQHS 



1. Systems pour le suivi de la mise en place 
5 d'un cable sicmiquc aur un fond marin a partir d » un 

bateau, comportant une plurality d'gmetteurs acoustiques 
qui sont rgpartis sur le cable et qui Smettent chacun un 
signal acoustique identifiable, caractferise en ce qu'il 
comporte un reseau flottant d'au moins trois unites de 

10 reception acoustique, des moyens pour connaUre la 
position desdites unites de reception par rapport au 
bateau, ainsi que des moyens pour transmettre a une unite 
de traitement des temps correspondant a la reception par 
lesdites unites de reception, des signaux acoustiques 

15 emis par les emetteurs porc<*s par le cable,, 1 1 unite de 
traitement comportant des moyens pour calculer, a partir 
de ces temps et des positions desdites unites de 
reception, la position desdits emetteurs er. done la 
trajectoire du cable au fur et a me9ure que celui-ci est 

20 deroule a partir du bateau. 

2. Systeme selon la revendication l, 
caracterise en ce que les emetteurs acoustiques sont des 
transpondeurs qui emettent un signal acoustique d 
reception d'un signal acotistique d 1 interrogation et en ce 

25 que la position desdits transpondeurs est determince en 
fonction des temps entre 1' Emission des signaux 
d' interrogation et la reception a la surface de l'eau des 
signaux de reponse des transpondeurs, 

3. Systems selon l'unc des revendications 
iO precedentes, caracterise en ce que des moyens dc 

transmission entre 1' unite de traitement et les unites de 
reception comport ent des moyens de communication 
hertzienne . 

4. Syst&me selon la revendication 2, 
35 caracterise en ce que ]es moyens de transmission sont 
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bidirectionnels et en ce que simultanement a la commande 
de 1' Emission d'un signal d' interrogation par 1' unite de 
traitement, ladite unite transmet aux differentes unites 
de reception un signal de synchronisation qui declenche 
5 des compteurs destines A permettre la mesure des temps 
auxquels les differencs eignaux de . reponse des 
transpondeurs sont recuc 

5. Systeme selon l'une des revendications 
precedentes, caracterise en ce que des moyens pour 

10 connaltre la position desdites unites de reception par 
rapport au bateau comportent des moyens de localisation 
radioeatellitalre . 

6. Syst&me selon la revendication 5, 
caracterise en ce que lesdiC6 moyens de localisation 

15 radiosatellitaire mettent en oeuvre une localisation GPS 
de type cinematique relative. 

7. Systeme eelon l'une des revendications 
precedentes, caracterise en ce que les unites de 
reception sont au nombre de quatre ou cinq. 

20 8 - Systeme selon l'une des revendications 

precedentes, caracterise en ce que le cable comporte en 
outre des capteurs de pression disposes a proximity des 
emetteurs acoustiques et: permettant une estimation de la 
profondeur a laquelle lcsdits emetteurs se trouvent. 

25 9 - Systeme selon l'une dco revendications 

precedentes, caracterise en ce que 1' unite de trair.ement 
calcule en fonction de cette position une prediction sur 
les points d' impact th<§oriques du cable sur le fond 
marin, aiusi que les corrections a apporter a la 

30 trajectoire du navire pour optimiser la descente du 
cable. 
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DISPOSITIF POUR EFFECTUER DES LEVES HYDROGRAPHIQUES A PARTIR D'UNE EMBARCATlON. 



<8> 

@) Dispositif pour effectuer des icvte hydrographiques k 
pamr d'un embarcation comprenant un recepteur GPS dif- 
ferential (3) embarqu* pour effectuer un positionnement par 
satellite, muni d'un moyen de communication hf ou UHFou 
VHF, une station GPS diff6rentlelle (8) terrestre, munia d'un 
moyen de communication HP ou UHF on VHF (9)» un son- 
deur nydrograpnique (2) em&arque et sa base acoustique 
(11), un dispositif Informatlque embarqu6 (4) pour le traite- 
mentdea donnGes foumies par la sondeur et par le recep- 
teur 6P$ differentiei. 

Les apparells embarqu£s (3 f 2, 4) sontchoisis de petites 
dimensions et r6unis dans un boftier portable & I'int^rieur 
duquel n$ snnt agencte de manlfere a y fonctlonner sans 
modification de leur agencement, unc ouverture pr6vue 
dans le bottler permettant d 4 aoc$der & son intdrieur pour ex- 
traira la base acoustique du sondeur hydrograpnique et rai- 
ns? fonctionner les apparells embarqu6s (3, 2, 4). 
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Le prcsente invention conccme un diapoaitif pour effactuer 
des levee hydrographiquefl a partir d'une embarcation. 

Lee levAs hydrographies sont necesoaires a 1 •etablisscment 
de carte* pour la navigation at Is connaiaianca daa fonde marins, 
5 fluviaux et lacvetree ainei qu'aux operations de dragage. 

Pour effactuer ceo laves, on oonnalc deja des diopooitifa 
comprenont : 

- un recepteur GPS (Global Positioning System) differential 
emborquA pour effactuer un posit ionnement par satellite, muni d'un 

10 moyen de communication hp, 

- une station GPS diff erentielle terreatre immie d'un moyen 
de communication HP, 

- un sondeur hydrographiqua embarquA at sa base acouetique, et 
" un dispoaitif informatique embarquA pour la trait ament des 

15 donneea fiournies par le aondour hydrographique et par le recepteur 
GPS differential . 

La station GPS di££Arentielle terreatre calcule la 
correct ion de posit ionnement a applique? au recepteur GPS 
differential erabarquo et la lui tranomet par lea moyena de 
20 communication HP. 

Lea diapoeitife actuellement dieponiblea pour offoctuer cea 
operations fourniaeent des reaultata aatiaf aiaanta . 

Neanmoinaj dana leo crabarcationa, ila constituent un 
equipement global encombrant et fragile de oorte qu'ils no aont pas 
25 aptes & etre deplaces frAquemmant d'une embarcation a une autre. 

De ce fait, pour faire face a d a eventual lea avariaa affectant 
cea matAriels, il faut disposer de plueieurs enibaroationo aptes a 
effectuer dee levea, c'eat-A-dira AquipAea chacune de son propre 
diopoeitif de lev6a hydrographique* . 
30 D * Plus, loroque leo different^ apparella constituent un 

diapoaitif de levaa hydrographique a aont inatallea a demeure sur une 
petite embarcation, ila aont sounds aux inteaperies, ee qui pout lea 
endommagar at leur entretien neceseite le deplacement d«un technician 
specialise qui doit Intarvanir sur 1 'embarcation. 
35 Enfin, ii n'ast pas Aconomiquement raisonnable de multiplier 

lea embarkations pour couvrir une vaste zon« A gurveiller ou pour 
atationner dans des lieux encre lesquels il n'existe pas de voie de 
communication nautique, 
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Lb present* invention vise & rcaovdre ces inconvenients » 

La presents invention a pour objet un diaposicif pour 

effectuer des levcs hydrographiquea & partir d'une embarcation, 

comprenant i 

5 - un recepteur GPS di£f6rentiel embarque, pour effeotuer un 

pocitionnement par satellite, muni d'un moyen da communication HP ou 
UHF ou VHP, 

- une ataclon GPS dif f crcntielle terrestrc* munic d'un 
moyen de communication HF ou UHP ou VHP/ 

10 - un sondeur hydrographique embarque et sa base acouetique, 

- un dispositi* informatique embarque pout 1* traitement deo 
donnees fourniea par le oondeur ec par le rfecepteur GPS differential, 
characterise par le fait que le racepteur GPS differentiel embarque, 
la aondeur hydro? tophi que embarque at le diapositif m informatique 

15 embarque eont choisis de petite* dimensions et aont reunie dane un 
boltiar portable a lHntariaur duquel ila sont agencea de roaniere a 
pouvoir y fonctionner sans modification de leur agencement , une 
ouvorture pr6vue dans le boitier permettant d'acceder a oon interieur 

pour extraire la base acoustiqua du aondeur hydro^raphiqua at fairo 

20 fonctionner le r6cepteur GPS differential embarque. le aondeur 
hydrographique embarque et le diepoeitif informatique embarque. 

En d'autrea tennea, la diapositif aelon 1' invention reunit 
dans un meme boitier portable toua lea appareila qui eont 
traditionnellement installeo a demeure aur 1 • embarcation, oe aui 

25 permet. d'une part de transporter faci lament ces appareila d'une 
embarcation a una autre, et d'autre part de lea mettre a l'abri des 
intemperieo. 

De plus, en cas de panne survenant dans 1'un dea appareila 
acencea dana le boitier portable, 1' ensemble dea quatre appareila peut 
30 fetre facilement remio a un technlcien specialise qui peut effeotuer la 
reparation eana avoir a ae deplecer our ^embarcation. 

Dans un mode de realisation particulier de 1 'invention, la 
station gps differentielle terreetre est egalement portable, ce qui 
permet de conetituer un ensemble inteqralement portable, non aeulement 
35 d'une embarcation a. une autre, maia egalement d'un aite a un autre. 

Avantageusementi le diepoeitif infonratiqrue embarque pour le 
traitement des donnees fouroies par lo sondour hydrooraphique et le 
reoepteur GPS differentiel est conetitue par un ordinateur personnel 
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portable equips d'un logiciel de controle des leves hydrographiques et 
d'un logiciel de gestion des levee et de controle de la navigation. 

La choix d'un ordinataur personnel portable perroet d* as surer 
la 6implicite de ca maintenance et even tuel lament de son r ©mp la canton t . 
5 Pour le branchement d'une antenna GPS embarquee et d'une 

ontenne HF ou VHP ou encore UHF embarquee, lo boitier portable 
comports, de pr££ Irenes sur une plaque a bornes aituee dans ledit 
bolder, dec priseti demontablcs- 

Cebte plaque a bornee peut etre postionnee par example dans 
^ un angle du boitier, accessible depuis 1'exterieur par son ouverture. 

Oana le but de roieux faire comprendre 1" invention on v« en 
decrire maintanant un mode de realisation donne a titre d'exemple Qon 
limitatif, en r6£erence au dessin annexe dans loqual : 

- la figure 1 represente une vue d'cnaomble schematiquo du 
15 dispositif selon 1« invention, 

- la figure 2 represente, en perspective/ le boitier portable 
selon l a invention, 

- la figure 3 represents le systeme de positionnemcnt GPS 
differential . 

20 L» dispositif represent* a la figure 1 comprend un bolt tor 

portable 1 a l'intarieur duquel sont agenc^s un eondeur 
hydrographique 2 tel que celui de la Societe NAVITROMIC9 system 
reference navi9ound ioo a, un receoteur GPS diffcrentiel embarqu6 3 
tel que celui reference nr 108 de la Soci6t6 DASSAULT SERCSL et un 

25 ordinataur portable 4 de type ordinataur personnel. 

Ces trois appereils sont relies entre eux de la maniera 

suivante ; 

Le sondeur hydrographique 2 envoie a 1' ordinataur portable 4 
l'enragistrement numerique du fond qui est viaualisable sur l'^cran 
30 Ac l'ordinateur. ainsi quo 1 ■ identic icat ion deo sondes et leurs 
positions qui sont enregistrees sur la disqua dur de 1 'ordinataur . 

One antenna GPS 5 eat prevue sur le boitier portable 1 pour 
capter les signaux de plusiaurs satellites geos tat ionna ires 6. 

Une autre antenna 7 HP ou tJHP ou VHP est egalement 
35 prevue pour communiquer via un recepteur integre ou recepteur gfs 
avec une station GPS dif fcrcnticile terrestre 8 munie d'un 6metteur 

HP ou UHF ou VHF 9 qui est ausai equips d'una antenna 10 de oe 

type. 
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La recepteur GP9 differentiel 3, tenant compte dec 
correctifa de poaitionnement fournia par la station Qp$ 
dif ferentielle 8, determine lea coordonn6ea (X.Y) d*un point sonde do 
la ma.ni.ar a qui sera dacrita ci-aproa ct cca eoordonnees eont tranomiees 
5 a l'ordinateur portable 4. 

Ce dernier execute un Iogiciel de geation dee leves et de la 
navigation ainai ctu'un Iogiciel de caiaie et de con'trolc dee levea a 
partir dea positions caicuiee* pay la recepteur OPS ditferentiel 9 et 
dca donnees de sondags fourniaa par la aondeur hydrographigue. 
10 Comma Iogiciel© appropri$c, on peut eiter par example le 

Iogiciel HYDRONAV, commercial ice par la societe NAV1TR0NIC, qui assure 
la geetion dea levea et le controls da la navigation et le Iogiciel 
HYDROCONT ROL de controlo dea levee, commercialise par la Sociata PSI. 

fce eondeur 3 eat relie a una base acoustique 11 qui permet 
IS de nieourer la pro£ondeur at peut £onctiannar a 30 KHz pour lea 
milieux vaaaux ou a 200 khz pour lee fonds dure. 

Le boitiar portable 1 est miaux visible sur la figure 2 sur 
laquelle il apparait que ledit boitiar portable eat parallelepipedigue 
at comport© uno ouverture frontale 12 et une ouverture doraala 13 
20 pcrmottant l'accea aux troia appareile, a la base acoustiauo 11 et aux 
deux antennea 5 et 7 qu'il contiant. 

Dea prises (non vieiblee) sent prevues dans le boltier pour 
brancher lea antennas 3 et 7 at la base acoueticcue 11* 

Pour lo transport, lea deux antennae S et 7 et la base 
25 acouHtique 11 aont rangeea dans le boltier dont lea ouverturea frontale 
et dorsale aont obturaaa. L'interieur du boitier eat muni a cot effet 
de moyens de fixation (non representes) dea deux antennea 5 et 7 et de 
la base aeouetique 11* pour evitcr que cca demieres ne bougent dans le 
boitiar et endommagent certains appareila. 
30 fce boitiar i eat en outre muni de poignees 15 pour eon 

transport, 

A titre d* example, on peut realiser le boitiar en un roateriau 
composite alveole avac las dimensions suivantee ; 50 cm en longueur, 
40 cm en hauteur. 40 cm en profondeur. 
35 De preference, le boitier portable eat congu pour etre 

6tenche au mains aux ruissellamentg et comporce dea rooyens de 
ventilation (non represented), ce qui lui permot da a' adaptor a toutes 
sortes de conditions d'environnement. 
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II eet en outre monte sur dee eupporto cons tit uea par des 
amortieeeuro (nan representes) . 

Sur la figure 3 on a represents le recap taur GPS 3 ct la 
station GPS a ainei que 1'oidinateur portable 4 pour illuatrer la 
5 methode de poaitionnemenc GP9 ditferentiolle. 

Le recepteur gps 3 determine la pooition de 1 ■ embarcation. 
La station torreotre 8* qui coflqporte una antenne OPS 16. efrectue la 
meroe operation. 

On eait qua le poaitionnement gps na fiournit pao una 
*0 precision suffieante. 

II exictc done une erreur de positionnement qu*il faut 
corrioer pour connaitre lea coordonn6ea exactea de 1 < ambaroation . 

Cette erreur est detarminee par comparaiaon de la position 
reello connue (X t reel, * t reel) de la station terraatre et de 
15. Gas coordonnees calculaea par triangulation <X t ,Y t ) . 

Une foie cette erreur (AX, ay) determine*, elle eat 
envoyee par l'emetteur $ au recepteur hp ou recepteur GPS 3 qui 
corrige en consequence eon calcul do positionneniaiit pour retrouver les 
coordonnees exacted de 1 'embarcation. 

Par cette methode dif f crentielle, on peut determiner la 
position de 1 • embarcation avec une precision comprise entre 1 m et S m 
sur un «yon de 100 tan, 

Sur un rayon limit* a 10 km, on p*ut atteindre une precision 
da 1 A 2 m, cc qui eat particuHerement utila en rone portuaire a 
2 5 proxixnite des ouvrayea. 

Lea coordonnees exactes de I 1 embarcation sont tranamieea a 
l'ordinateur qui represents sur son 6cran la route euivie par 
1 ' embarcation au ooura du sondage et qui enregistre lesditea 
coordonneea our aon disque dur, 

II eat bien entendu que le mode de real ieat ion qui vient 
d'etre decrit ne preeente aucun caractere limitatir at qu'il pourra 
recevoir toute modification desirable sane oortir pour cela du cadre de 
1« invention. 
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sgvEwagfliiflas 

1. Diepooitif pour etfectuer dca levea hydrogrAphiques a 
Dartir d'un embarcetion contprenant : 

- un rccepteur GPS differential (3) embarque pour offectuer 
5 un poaitionnement par satellite, muni d'un moycn da communication HP 

OU UHF ou VHF. 

- una station GPS dif ferenticlle <d) terrestre, munie d'un 
moyan d* communication HP ou uiif ou vhp<9), 

- un aondaur hydrographique (2) ambarqu6 at oa base 
10 acoustique (11), 

- un dispositif informatique embarque (4) pour 1* traitement 
dee donneee fournioe par le sondeur at par le racepteur CPS 
differential. caractoriae par la fait que le receptaur GPS 
differential <3) embarque, le sondeur hydrographique (2) embarque et le 

15 dispositif; inforaatique (4) cmbargue aont choiaia de petite* dimensions* 
•t aont reunio dans un boitier portable a l'interieur duquel ila aont 
agences d» maniere a y fonetionner sane modification de leur 
agencament- una ouverture (12,13) prevue dana le boitier permettant 
d'ecceder A son inter ieur pour extrairc la base acouatique du sondeur 
hydrographique et faire fonetionner le recepteur <jps differential (3) 
embarque, le aondaur hydrographique (2) embarque et la dispoeiti* 
inf orxnatique (4) embarque. 

2. Dispocitif scion la revendication 1, caracterise par le 
fait qua la atation GPS differential le (8) terrestre eat eqalemenc 

25 portable. 

3. Diapoaitif eelon l'una queleonquo dea revendicatione 1 et 
2, caracteriee par le fait que lo diapoaitif informatique U) embarque 
pour le traitcmont daa donnees eat conatitue par un ordinateur 
personnel portable equipe d'un logiciel dc eaiaie et controie dea levee 
hydrographiquea et d'un logiciel de geiation des leves et de la 
navigation. 

4. Dj.epooitif selon l'une quelconque des revendicationa 
P*ec6dentes, caracteriee par le fait que le boitier portable (4) 
comporte interieurement et da preference eur une plague a bornes, dea 

35 prices etanehea (14) pour une antenna GPS (5) embarquee. pour une 
antenna hp ou umf ou vkp (7) embarquee ct pour la base 
acoustique <11) . 
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5. Dispositif selon la revindication 4, caracteriae par Id 
fait quo l'interieur du boitier portable (1) est muni da moyens da 
fixation dee deux ancennes (5,7) at da la baaa acouatique (11) pour le 
transport du boitier, l'ouvartura (12,13) du boitier at ant: alors 

5 obturee. 

6. Dispoeitif salon I'une quelconque das revendicatione 
precedentes, caracterige par la fait que le boitier portable (1) est 
etancne au raoins aux ruissellcmcnts. 

7. Diapooltif salon 3*une quelconque dee revendicationo 
10 precedent©6, caracterise par le fait que la boitier portable (1) est 

muni da supports constitute par deo amortieaeure . 

8. Dispoaitif selon l*una quelconque des revendi cat ions 
preoedentes, caracterise par le fait que le boitier portable (1) 
comporte das moyens de ventilation. 



15 
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